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ABSTRACT 
Geology field experiences can build students’ confidence, aid in identity 
development, and lead to emerging individual interest. However, instructors contend with 
cost, logistical, and accessibility challenges when planning field trips for large, 
introductory geology courses. This study designed a virtual reality geology field experience 
set in Grand Canyon to combat challenges with traditional geology field experiences, while 
providing introductory students with an exciting activity. This study used a concurrent 
triangulation mixed methods multiple-case study design to compare participants’ attitudes 
toward the virtual reality geology field experience to a classroom field experience and 
outdoor field experience. This study also assessed students’ change in geology interest 
from pre- to post-experience, as well as virtual experience participants’ sense of presence 
in the virtual environment. The researcher conducted semi-structured interviews to 
determine the aspects of each experience that led to participants’ geology interest changes, 
their attitudes, and their sense of presence. Students in the outdoor experience had the most 
positive attitudes toward their experience, as well as a significant change in geology 
interest. Interview participants mentioned that the outdoor experience was a novel, 
challenging activity that allowed for personal experience with geology, as well as 
strengthening their existing place attachment for their university. Students in the classroom 
experience also had positive attitudes toward their experience because they could apply 
their geology knowledge in a synthesis activity. However, the students did not experience 
a significant change in geology interest because the experience did not have any novel 
elements to it. Students in the virtual experience had the least positive attitudes toward their 
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experience, but they did have significant changes in geology interest. Students also had a 
low sense of presence in the virtual environment. Participants noted that while the virtual 
experience background looked like Grand Canyon, educational aspects such as questions 
and geology tools, removed students’ belief of realness. Interview participants also 
discussed symptoms of cybersickness that led to negative opinions of the experience. 
Outdoor field experiences were the most effective at impacting students’ feelings toward 
geology. However, future work will determine if virtual experiences may be as effective at 
influencing students’ opinions toward geology if they feature local places, instead of or in 
addition to landmark locations with visible geology such as Grand Canyon.
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CHAPTER 1:  INTRODUCTION AND BACKGROUND LITERATURE 
1.1 Overview 
The purpose of this work is two-fold: develop a field trip experience for 
introductory undergraduate students in virtual reality (VR), and assess affective responses, 
particularly change in interest in the geosciences, from three different laboratory 
interventions. This chapter includes background literature that explains the value of 
geoscience to the public, the importance of recruiting students to geoscience, how students 
develop geoscience thinking and feeling during field experiences, and how VR experiences 
could be used to supplement introductory geology courses. This chapter contains research 
questions that guide this study, as well as the outline for the dissertation.  
1.1 Background and Rationale 
1.1.1 Value of geoscience to public 
According to Gonzales and Keane (2010, p. 1), “Society is inextricably linked to 
the resources and natural processes that exist and occur on our planet.” A thriving 
geoscience community is critical to national public policy needs, such as securing stable 
energy supplies and fresh water, properly disposing of waste, mitigating natural hazards, 
modernizing infrastructure, and ensuring supply of raw materials, as well as educating the 
public about the importance of those issues in society (American Geosciences Institute, 
2008). The broad category of “geoscience” includes geology, environmental science, 
hydrology, oceanography, atmospheric science, geophysics, climate science, 
geochemistry, paleontology, and geoengineering disciplines (American Geosciences 
 2 
 
Institute, 2016; Gonzales & Keane, 2010). For this project, we focus on students in an 
introductory physical geology course.  
1.1.2 Scope of problem 
The 2016 Status of the Geoscience Workforce report by the American Geosciences 
Institute indicated that 48% of the current 324,000 geoscientists in the US will be at or near 
retirement in the next decade. The same report predicts that there will still be a shortage of 
90,000 geoscientists in the workforce within the next decade (American Geosciences 
Institute, 2016). Further, the President’s Council of Advisors in Science and Technology 
(PCAST) forecasts the need for 1 million more science, technology, engineering, and 
mathematics (STEM) graduates than expected under current projections (President’s 
Council of Advisors on Science and Technology, 2012). The number of bachelor’s degrees 
granted in geoscience fields from 1966-2000 was less than the number granted in any other 
science or engineering field (Huntoon & Lane, 2007). The racial, ethnic, and gender 
demographics of the geoscience workforce also do not match the demographics of the rest 
of the population in the United States (Huntoon & Lane, 2007). Further, the geosciences 
have the lowest participation rates of underrepresented minority students of all science 
disciplines (American Geosciences Institute, 2016), and the representation of students from 
underrepresented minority groups has stagnated in the past 40 years (Bernard & 
Cooperdock, 2018). Strategies PCAST suggests for increasing recruitment and retention in 
STEM include adopting STEM teaching strategies that emphasize student engagement, 
providing students with the tools to excel, and diversifying pathways to STEM degrees 
(President’s Council of Advisors on Science and Technology, 2012). Therefore, 
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geoscience educators have an opportunity to improve workforce recruitment and diversity 
by identifying new pathways and transforming existing pathways into geoscience, 
particularly with undergraduate students.  
1.1.3 Recruitment into geoscience 
An American Geosciences Institute (2015) report showed that the majority of 
students decided to major in geoscience at some point while they were already in their 
undergraduate education. Critical incidents that helped recruit students into the geoscience 
pipeline include family vacation and travel to places with visible geology, opportunities to 
work outdoors or not being limited to indoor deskwork, having a teaching assistant and 
faculty influence, keeping a rock collection, as well as exploring a home environment 
(Houlton, 2010). Other ways that students were recruited into the geoscience pipeline 
include outdoor experiences, geoscience department culture, the impact of geoscience 
courses, field trips, the geoscience job market, and taking introductory geoscience courses 
(Levine, González, Cole, Fuhrman, & Le Floch, 2007; P. J. Stokes, Levine, & Flessa, 
2015). A study of students at Northern Arizona University indicated that good 
employability, good salary potential, and opportunities for working outdoors, field work, 
observing nature, and travel are also influential factors in choosing geology as a major 
(Hoisch & Bowie, 2010).  
1.1.4 Importance of field education in geoscience 
The majority of respondents to a survey by the American Geosciences Institute 
indicated that field experiences were very important to building academic and professional 
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development (2015). According to the same report, only about 2 percent of geoscience 
graduates did not participate in a field experience of some variety (Nathan & Scobell, 
2012). Multiple researchers have implemented field-based introductory geology courses 
(Hudak, 2003; Karabinos, Stoll, & Templeton Fox, 1992; Spencer, 1990; Vacheron, 2014). 
However, a study conducted by Macdonald et al. (2005) about teaching methods in 
geoscience showed that fieldwork was incorporated in only 27% of large introductory 
classes and in only 38% of medium-sized introductory classes. Therefore, introductory 
geology students are unlikely to experience a field trip.  
1.1.5 Traditional field experiences 
Field trips are often used to illustrate important geological phenomena, as well 
complex temporal and spatial relationships observed in the field (Hurst, 1998). Traditional 
field trips involve aspects of surveying, observing, describing, and mapping geometric or 
geologic relationships of rock units or other phenomena (Qiu & Hubble, 2002). Field trips 
help students develop four major competencies that distinguish geoscientists from the 
general population: 1) temporal thinking 2) spatial thinking 3) understanding the Earth as 
a complex and complicated system and 4) field skills (Kastens et al., 2009). Thus, field 
experiences not only serve as an important pathway for recruiting students into geoscience 
but are also integral in helping them develop important spatial and temporal cognitive 
skills. Typical field trips last from a couple of hours to a 6-week long capstone field course 
for upper division graduate students. However, despite clear benefits of field experiences 
as mechanisms for geoscience learning, they are rarely implemented in introductory 
geoscience courses for many reasons, including requirements for staff time and resources, 
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liability concerns, bureaucracy, large class sizes, loss of classroom teaching time, and lack 
of curricular integration, among other limiting factors (Kean and Enochs, 2001).  
1.1.6 Affective domain for geoscience 
The affective domain allows geoscience educators to design instructional practices 
to motivate student learning and address questions of why students learn (McConnell & 
van Der Hoeven Kraft, 2011). van der Hoeven Kraft, Srogi, Husman, Semken, & Fuhrman, 
(2011) proposed a framework relating motivation, emotion, and connections with Earth as 
overlapping components of optimal engagement and internalization by a geoscience 
student. van der Hoeven Kraft et al. (2011) noted that motivation should be an important 
consideration when designing instructional practices. Particularly, instructional designers 
should be mindful of ways to support students’ autonomy, competence and self-efficacy , 
as well as their relatedness to an instructor or to a classroom community, as these factors 
are likely to lead to intrinsic motivation and positive feelings about learning a new subject 
(Ryan & Deci, 2000). Further, van der Hoeven Kraft et al., 2011 noted that students who 
feel that an activity or subject has a high level of intrinsic value and have positive emotions 
as a result of the task, such as enjoyment of learning, hope for success, and pride of a task, 
are more likely to want to learn. van der Hoeven Kraft et al., 2011 also noted that there are 
many ways that people connect with Earth, such as having aesthetic appreciation for the 
beauty of a landscape, a sense of awe or wonder at geological processes, or a feeling of 
personal attachment to a particular place on Earth. As a result of feeling a connection to 
Earth, such as direct sensory experiences and a sense of awe or wonder, students can have 
increased meaning or value of the Earth.  
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1.1.7 Interest in geoscience 
 Interest includes both motivational and emotional aspects in the affective domain 
framework for teaching in geoscience (Figure 1.1) (van der Hoeven Kraft et al., 2011). 
Interest has been conceptualized both as an individual predisposition and as a 
psychological state (Ainley, Hidi, & Berndorff, 2002); the psychological state is 
characterized by focused attention, increased cognitive and affective functioning, and 
persistent effort. Interest is content-specific because it is always related to an object, 
activity, field of knowledge, goal (Krapp & Prenzel, 2011), social relationships, or an 
environment (Mayer, Renninger, Hidi, & Krapp, 1994). Engaging student interest includes 
Motivation
• Self-efficacy
• Self-determination
• Enjoyment
Connections with 
Earth
• Aesthetic appreciation
• Awe or wonder
• Personal attachment to 
place
Emotion
• Emotionally supported 
environments
• Joy
• Hope of success
• Pride
• Boredom
• Anxiety
Interest 
Figure 1.1: Geology is most likely to influence student attitudes toward learning the 
geosciences by engaging students’ motivation, emotion, and connections with Earth (van 
der Hoeven Kraft et al., 2011) 
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keeping students actively engaged with content, supporting their expectations for success 
on a task, and providing opportunities for them to value what they are learning (van der 
Hoeven Kraft et al., 2011). Interest has been found to influence attention in Australian and 
Canadian high school students (Ainley et al., 2002), goals in introductory psychology 
college students (Harackiewicz, Barron, Tauer, Carter, & Elliot, 2000), and levels of 
learning in young children (Renninger & Hidi, 2002). According to Harackiewicz et al. 
(2000), interest and academic performance are important indicators of academic success, 
such as grades, learning, and subsequent performance in related classes, in the long term. 
Interest comprises two components: situational interest, which characterizes engagement 
that arises in a particular context, and individual interest, which is a predisposition to re-
engage in activities over time (Mayer et al., 1994). Situational interest describes interest 
that is primarily generated by certain conditions or concrete objects (Renninger et al., 
1992). Hidi and Renninger (2006) proposed a four-phase model for interest development 
and described characteristics of a person’ s interest in each phase: 
• Triggered situational interest: Environmental features, surprising information, 
character identification, or intensity can instigate triggered situational. Triggered 
situational interest is typically externally supported and can be generated by active 
learning environments that include puzzles and computers.  
• Maintained situational interest: Situational interest is sustained through 
meaningfulness of task and personal involvement in tasks. Like triggered 
situational interest, maintained situational interest is supported externally and can 
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be maintained through meaningful activities such as project-based learning or 
cooperative group work.  
• Emerging individual interest: Emerging individual interest is characterized by 
positive feelings, as well as stored knowledge and value. The student begins to 
generate their own curiosity about the content of an emerging interest. Emerging 
individual interest can enable a student to anticipate subsequent steps in processing 
work with content. Emerging individual interest is typically (but not exclusively) 
self-generated. Emerging individual interest may or may not lead to well-developed 
individual interest.  
• Well-developed individual interest: Well-developed individual interest is defined 
as having a predisposition to re-engage with classes of content over time (Hidi & 
Renninger, 2006). Well-developed individual interest is characterized by positive 
feelings, and more stored knowledge and value for content that for other activities. 
Well-developed individual interest leads a student to consider both the context and 
content of a task in the process of problem solution or passage comprehension (Hidi 
& Renninger, 2006).  
Although both positive and negative emotions stem from and mediate triggered situational 
interest, positive emotions toward learning experiences have been shown to support interest 
development over time in situational and topical factors in high school students (Ainley et 
al., 2002; van der Hoeven Kraft et al., 2011). Previous researchers measured background 
knowledge and initial interest in psychology with introductory psychology students, as well 
as situational interest at a later time in the semester (Harackiewicz et al., 2000; 
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Harackiewicz, Durik, Barron, Linnenbrink-Garcia, & Tauer, 2008). The initial interest and 
situational interest scales were based on interest theory from Mayer et al., (1994); two of 
the same researchers later developed the Four Phase Model of Interest Development (Hidi 
& Renninger, 2006). Bursztyn, Shelton, Walker, & Pederson, (2017) modified the 
situational interest scale for geoscience. However, this inquiry used the initial and 
situational interest scales from Harackiewicz et al. (2000, 2008) and modified them for 
geology. Geoscience field experiences provide an opportunity for identity development 
that may lead to emerging individual interest (Renninger, 2009) 
1.1.8 Virtual reality field experiences 
Broadly, virtual reality (VR) is a computer technology used to simulate a three-
dimensional world that a user can manipulate and explore while feeling as if they were in 
that world. The virtual environment should have three-dimensional images that appear to 
be life-sized from the perspective of the user, as well as the ability to track a user’s motions, 
particularly their head or eye movements, and adjust the images on the user’s display to 
reflect the change in perspective (Strickland, 2007). Early developments include the View-
Master (patented in 1939), which used stereoscopic pairs of small transparent color 
photographs on film (View-Master, 2019). Current VR platforms range in cost and quality 
of experience. Google Cardboard (Google, 2018) and Samsung Gear VR (Samsung, 2015) 
are affordable VR options that are powered by smartphones. Oculus Go and Quest are 
standalone VR headset options that do not require a personal computer to function (Oculus, 
2019) but are more expensive than Google Cardboard and Samsung Gear VR. High 
performance VR options include Oculus Rift (Oculus, 2019) HTC Vive (HTC, 2016), 
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which require being tethered to a personal computer but have touch controllers that allow 
users to interact with the virtual environment. For this study, virtual reality only includes 
experiences that involve a headset and suspend reality outside of the headset.  
VR field experiences eliminate many of the logistical and cost issues associated 
with taking introductory geology students on traditional field experiences (Çalişkan, 2011). 
VR field experiences also enable accessible field trips for mobility impaired students who 
may avoid courses with field components because of real or perceived physical barriers 
(Cooke, Anderson, & Forrest, 1997). VR field experiences afford the ability to present field 
trips in accessible areas, are information rich, and are an interesting and attractive 
alternative to field experiences for students (Çalişkan, 2011).  
Previous researchers have designed augmented reality (AR) or VR field trips for 
geology. Bursztyn et al. (2017) designed a GPS-based AR field trip on students’ 
smartphones to Grand Canyon and found that students’ interest in geology increased after 
interacting with an AR field trip and had significantly more interest in geology after 
experiencing more AR field trips. Klippel et al., 2019 designed a virtual field trip based on 
3D models of a local outcrop in the HTC Vive virtual reality platform (HTC, 2016). The 
researchers compared introductory geology students’ lab grades, enjoyment, and sense of 
spatial presence after the virtual field trip versus an actual field trip to the same outcrop; 
they found that students in the virtual field trip enjoyed their learning experiences more 
and had higher lab grades than students who completed the actual field trip (Klippel et al., 
2019). 
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1.1.9 Presence in virtual reality 
Slater et al. (1996, p. 165) define presence in VR as “a state of consciousness, the 
sense of being in the virtual environment, and corresponding modes of behavior.” Presence 
is complex, including multiple sensory inputs and various cognitive processes (IJsselsteijn, 
de Ridder, Freeman, & Avons, 2000; Lombard & Ditton, 2006). Presence is considered by 
many to be an individual’s subjective response to immersion, which is an objective 
description of the virtual technology (Slater & Usoh, 1993).  
Participants who are highly present consider the virtual environment as the more 
engaging reality than the surrounding world (Slater et al., 1996). In Slater’s view (1996), 
presence is important because an increased sense of presence relates to a greater chance 
that participants will behave similarly to their behavior in everyday reality.  
Schubert et al. (2001) conducted an exploratory factor analysis on data collected 
from participants measuring sense of presence; they defined three items that describe the 
subjective interpretation of presence: spatial presence, involvement, and realness. Spatial 
presence is a sense of “being there” in a virtual environment and is an outcome of 
constructing a mental model of the self as being in the virtual environment (Schubert, 2003, 
2009; Schubert et al., 2001). Involvement captures awareness of the virtual space and 
acceptance of the virtual environment as the primary reference frame, as opposed to the 
real environment as the primary frame (Schubert, 2003, 2009; Schubert et al., 2001). 
Realness is the comparison between the virtual and the real world and judgements about 
reality (Schubert, 2003, 2009; Schubert et al., 2001). Schubert et al. (2001) posited that 
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spatial presence and involvement are experienced due to cognitive processes leading to 
presence.  
 Riva et al. (2007) explored the possibility of using VR as an affective medium to 
induce specific emotions in users, positing that if the virtual environment could engender 
a sense of presence, then the environment would be able to elicit emotions. However, Riva 
et al. (2007) only made a connection between presence in VR and the emotional states of 
anxiety and relaxation. To date, there have been no direct connections made between 
stimulating a sense of presence to increase participant interest. Interest, much like sense of 
presence, has the ability to induce affective reactions that include a broad range of 
emotions, such as joy and anxiety (Ainley et al., 2002).  
1.1.10 Previous VR experience development 
The Virtual Reality Field Experiences (VRFE) team at Clemson University, an 
interdisciplinary group of software developers, social scientists, and geologists, has 
developed a series of VR experiences for use by introductory geology students. The first 
experience, also known as VRFE, underwent development and two rounds of assessment 
(Trials 1 and 2).  
The VRFE team used the Unity game engine (Unity Technology, 2018) to add 
topographic data from Grand Canyon as the basis for the early version of the experience. 
The early version of VRFE also had an avatar and third-person camera so that participants 
could move through the experience in all directions and change their view of where they 
were walking with their avatar. In this early version of VRFE, a participant could control 
the avatar with a standard game controller but could also use their head to change their 
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view of the experience. In Trial 1, the VRFE team recruited 8 participants to try the 
experience individually, asked the participants to think aloud as they were experiencing the 
VRFE, and asked participants to complete a survey about their experience and their level 
of immersion. After the participants tried VRFE individually, the team asked them to return 
for a focus group to discuss their opinions of the experience, as well as their opinion of 
narrative options the team was considering adding to the experience with future 
development. Results and discussion of Trial 1 can be found in Chapter 2: Preliminary 
Virtual Experience Development-Trials 1.  
The development period between Trial 1 and 2 included the addition of educational 
elements to the game as well as improved environment aspects. The VRFE team added 
textures, colors and vegetation found in the Grand Canyon to VRFE to increase aspects of 
realism. The VRFE team also added geology content and activities. The VRFE team also 
scanned rock samples and outcrops to create three-dimensional models to place them in the 
environment. Developers added a user interface with options for participants to collect 
samples, identify rocks, and observe outcrops. Trial 2 focused on collecting students’ 
opinions about previous geology experiences and previous gaming and VR experiences, as 
well as avatar appearance and movement, ability to move the third-person camera, efficacy 
of handheld controls, environment appearance, headset comfortability, and user interface.  
After Trial 2, developers launched an intensive overhaul of the graphics and 
environment of the game. Developers removed elements of environment realism so the 
development team could test VRFE on smartphones and minimize issues with lag (slow 
response from device) and overheating. Because the VRFE team removed aspects of 
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environmental realism from the experience, the researcher developed an alternative virtual 
environment using Wonda VR software. Wonda VR is a virtual-environment-creation 
platform that allows software-development novices to create virtual field trips without the 
need for software engineering experience or employing a software development team 
(Wonda VR, 2018). An affordance of Wonda VR is that the basis of the experience is real, 
360° images (photospheres), such as panoramic images of Grand Canyon locations. The 
Wonda VR experience is the virtual experience used in this main study to compare to 
similar outdoor and virtual experiences (see Chapter 3: Curriculum and Instructional 
Design for more detail on the design and inclusion of educational elements in the Wonda 
VR experience).  
1.2 Research Questions  
Due to the novelty of VR used in geoscience education, limited assessment of VR’s 
impacts on students’ affective responses and how students feel presence in virtual 
geoscience experiences, the following research questions guide this inquiry: 
RQ 1: What are participants’ affective responses to classroom, outdoor, and virtual geology 
field experiences? 
RQ 1.1: What are participants’ attitudes toward classroom, outdoor, and virtual 
geology field experiences? 
RQ 1.2: Do participants’ levels of interest in geology change after exposure to 
classroom, outdoor, and virtual geology field experiences? If so, how 
does their interest in geology change? 
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RQ 1.3: Why do participants’ levels of interest in geology change after exposure to 
classroom, outdoor, and virtual geology field experiences? 
RQ 2: How do participants experience presence in a VR geology field experience? 
RQ 2.1: How do participants experience presence in a VR geology field 
experience? 
RQ 2.2: What aspects of participants’ perception of presence relate to interest in 
virtual geology field experiences? 
1.3 Dissertation Outline 
This dissertation includes findings and discussion from formative assessment of an 
early version of the virtual experience:  
• Chapter 2: Preliminary Virtual Experience Development-Trials 1 (p. 17) 
This study will also describe how theory was integrated into the curriculum and 
instructional design of the virtual reality geology field experience:  
• Chapter 3. Curriculum and Instructional Design (p. 17) 
This study will also outline the methods and description of how the research team 
administered the experiences, and how the team collected, analyzed, and mixed data.  
• Chapter 4. Methods (p. 79): Course context, participant description, survey design 
and implementation, interview protocol, multiple-case study design, data analysis 
(quantitative, qualitative, mixed), as well as quality considerations.  
This study includes qualitative thick, rich description of participants within each case.  
• Chapter 5. Multiple-Case Study Qualitative Results (p. 113): description of case 
context, location, as well as within-case comparison; addresses RQ 1.3, 2.2.  
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This study has quantitative results with qualitative explanations presented for each 
construct (attitudes, interest, and presence) within each intervention (classroom, outdoor, 
and virtual). These chapters are independent, which reference previously published 
literature and project background in preceding chapters to limit repetition.  
• Chapter 6. Results- Attitudes (p. 184): background literature, findings from 
quantitative surveys, qualitative interviews, and explanation of quantitative results 
with qualitative results (mixing); addresses RQ 1.1.  
• Chapter 7. Results- Interest (p. 222): background literature, findings from 
quantitative surveys, qualitative interviews, and explanation of quantitative results 
with qualitative results (mixing); addresses RQ 1.2.  
• Chapter 8. Results- Presence in Virtual Environments (p. 244): background 
literature, findings from quantitative surveys, qualitative interviews, and 
explanation of quantitative results with qualitative results (mixing); addresses RQ 
2.1.  
This study presents relationships between attitudes, interest, and presence in a common 
discussion:  
• Chapter 9. Discussion and Cross-Case Synthesis (p. 239): relationship between 
constructs of interest, attitudes and presence, as well as the cross-case synthesis.  
This study presents conclusions, theoretical, methodological, and practical limitations, as 
well as opportunities for future research:  
• Chapter 10. Conclusions, Limitations, and Implications (p. 282)
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CHAPTER 2:  PRELIMINARY VIRTUAL EXPERIENCE DEVELOPMENT-
TRIALS 1 
2.1 Trial 11 
Abstract — This paper describes an initial formative reflection on the design of a game-based virtual reality 
learning environment for the geosciences that could provide an alternative to real-world field trips when cost, 
logistics, or accessibility become barriers to participation. The assessment is based on feedback from a group 
of 8 student testers, early in the development of a smartphone-based game called Virtual Reality Field 
Experience (VRFE). VRFE places students in Grand Canyon National Park where they can explore the 
geologic setting. We are interested in how design choices for the physical environment, control mechanics, 
and game narrative impact personal presence and immersion, which are important considerations for 
developing an effective immersive learning environment. We collected feedback from the testers regarding 
sensory engagement, realism, distraction, game controls, environment, and game narrative options. Our 
results indicate that sensory immersion, relatability to past gaming experiences, and involvement in open-
world settings are important aspects likely to enhance student learning in these types of virtual reality 
experiences. Overall, we find that the initial choices made in the development of VRFE are likely to support 
some of the key elements in VRFE that are also important for learning in real-world geoscience field trips. 
Keywords— virtual reality, educational technology, computer-aided instruction, 
geoscience education. 
  
 
1 Results from Trials 1 were submitted for publication in Technology, Knowledge, and Learning with the 
title, “A Formative Assessment of the Influence of Game Design on Immersion in a Virtual Reality Field 
Experience for the Geosciences” and is under editorial review. Authors, in order, are Victoria Sellers, D. 
Matthew Boyer, Catherine Mobley, and Stephen Moysey.  
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2.1.1 Introduction 
Place-based learning is an effective strategy for teaching concepts and skills 
situated within a specific physical environment (Buissink-Smith, Mann, & Shephard, 2011; 
Nadelson, Seifert, & McKinney, 2014; Semken & Freeman, 2008). In particular, providing 
a contextual and cultural setting for learning can help students understand the practical 
applications of their conceptual knowledge and its relevance to society (Sobel, 2004). In 
this way, field experiences are widely considered to be important for learning and 
professional development in the Earth sciences as they provide a real-world context for 
geologic concepts learned in the classroom (Kirchner, 1997; Petcovic, Stokes, & Caulkins, 
2014) and have positive impacts on affective components of learning (A. Stokes & Boyle, 
2009)The perceived importance of field-based learning was demonstrated by a recent 
survey of practicing geoscientists, which showed that 90% of respondents believe that 
fieldwork should be included in undergraduate geoscience education (Petcovic et al., 
2014).  
The immersive qualities of field experiences help students appreciate scale, 
complexity, and frequency of geologic features (Meezan & Cuffey, 2012) . For example, 
Reynolds, (2012) highlights the value of field work for signal-noise disembedding, i.e., the 
process of deciding what observations provide information in the context of a complex and 
highly variable world. Mogk and Goodwin (2012) identify five key benefits of field 
learning in the geosciences: (1) cognitive gains (concept knowledge), (2) metacognitive 
gains (agency through inquiry), (3) affective gains (e.g., enjoyment and motivation for 
learning), (4) immersion in nature (understanding and reducing complexity in real-world 
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systems), and (5) providing the foundation for skills and expertise required of a 
professional geoscientist. Field experiences therefore supply a context within which 
students can refine their understanding of conceptual knowledge while gaining agency as 
engaged learners. 
Despite clear benefits of field experiences as mechanisms for situated learning in 
the geosciences, they are rarely implemented in introductory geoscience courses for many 
reasons, including requirements for staff time and resources, liability concerns, 
bureaucracy, large class sizes, loss of classroom teaching time, and lack of curricular 
integration, among other limiting factors (Kean & Enochs, 2001). Birnbaum (2004) 
expands on these issues to highlight a lack of appropriate local field sites, particularly in 
urban settings. Furthermore, traditional field work is sometimes perceived as a barrier to 
those with physical disabilities (Gilley, Atchison, Feig, & Stokes, 2015) In such cases, 
virtual reality (VR) offers an alternative for providing low cost, accessible, content-rich 
geologic field trips to students who would otherwise not have the opportunity to participate 
in a real-world field experience. Thus, our research fills a gap in the literature on working 
toward implementing immersive virtual reality field trips as practical alternatives to in-
person field trips with large enrollment introductory geoscience courses.  
Virtual reality started being used in K-12 and higher education in the 1990’s; 
however, early virtual technology used for education was often cost-prohibitive, physically 
or psychologically uncomfortable, and lacked effective instructional design (Zahira 
Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & Davis, 2014). A meta-analysis found 
that desktop virtual reality-based games, simulations, and virtual worlds improve K-12 and 
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higher education students’ learning outcomes (Zahira Merchant et al., 2014). Virtual reality 
also increases motivation and engagement, while enabling active learning by allowing 
students to interact with virtual objects and spaces (Martin-Gutierrez, 2017). Another 
literature review found that the majority of immersive virtual environments using head 
mounted displays were developed in computer science or medical contexts (Freina & Ott, 
2015). Our research extends this literature and fills a gap in understanding how to optimize 
virtual reality for specific disciplines, in our case, the geosciences. 
Virtual reality has been used as a tool for learning in various fields where spatial 
awareness is a factor (e.g., enhancing spatial ability in chemistry education) (Merchant et 
al., 2013). Geoscience educators and researchers have begun to embrace virtual 
experiences as teaching tools, with examples ranging from computer-based field trips 
(Stumpf, Douglass, & Dorn, 2008) to learning games on GPS-enabled mobile devices that 
integrate physical movement as a component of virtual field activities (Bursztyn et al., 
2017). However, almost all geoscience education work to date has relied heavily on using 
high-resolution photography to represent geologic features in the field. There is little 
research on using computer-generated immersive VR experiences for geoscience 
education, perhaps due to limited ability to represent realistic scenes; our investigation 
seeks to fill this gap in the literature. Improvements to smartphone and VR display graphics 
capabilities over the last few years accentuate visual cues and experiences (Oculus, 2019; 
Samsung, 2015) as compared to VR experiences from prior decades (Markoff, 1994). Such 
enhancements could therefore increase acceptance and use of VR to teach geoscience 
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concepts that require immersion to understand spatial relationships or other field-based 
skills. 
Immersion within a learning experience is important for enabling learners to adapt 
their frame of reference to solve complex problems, for fostering authentic experiences and 
settings for effective situational learning, and for ensuring transfer of learning gains from 
one setting to another, such as from a virtual world to the real world (Dede, 2009). Dede 
points to sensory (feeling of existing within a virtual environment), actional (ability to 
perform tasks impossible in the real world), and symbolic (triggering of cultural or 
psychological associations across real and virtual environments) factors as key elements to 
consider within the design of a learning experience to enhance immersion. A study of 
virtual environments used in medical education showed that the greater degree of sensory 
immersion achieved with a head-mounted display produced greater knowledge gains than 
the same virtual activity performed using a regular (2D) computer display (Gutiérrez et al., 
2007).  
In this formative reflection, we consider the sensory aspect of immersion to be what 
is widely referred to as “presence” (McMahan, 2003; Mestre & Vercher, 2011) though the 
terms immersion and presence are often used interchangeably in the literature. 
Additionally, presence may sometimes be broadly considered to be an individual’s 
subjective response to immersion (Slater & Usoh, 1993), which is a complex involvement 
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of multiple sensory inputs and various cognitive processes (IJsselsteijn, de Ridder, 
Freeman, & Avons, 2000; Lombard & Ditton, 2006).  
We report here on an early formative assessment of immersion within the Virtual 
Reality Field Experience (VRFE) game designed for use as a learning tool in introductory 
geology courses. The study is based on quantitative and qualitative responses obtained 
from a group of eight student participants, which we use to guide our initial reflection on 
design choices being made in developing the game. We focused the formative assessment 
on the impact of the environment, control mechanics, and game narrative on player 
immersion. Assessment of the environment and control mechanics considers whether these 
facilitate a strong degree of immersion within the game. The early consideration of these 
game aspects within the development cycle is important because an increased sense of 
immersion relates to a greater chance that student behavior within a game environment will 
be similar to that in everyday reality (Slater et al., 1996), thus lowering barriers for transfer 
of learning outcomes to real-world environments (Dede, 2009). The narrative assessment 
aims to understand what type of storyline would be most engaging for our target audience 
of undergraduate students, i.e., what would best support actional and symbolic aspects of 
immersion to foster a strong situational learning experience. 
Ultimately, we felt that it was important to perform this formative assessment of 
VRFE because the environment, game controls, and narrative are basic design elements 
that are likely to impact student immersion. The novelty of successful immersion in VR 
can stimulate student situational interest (Parong & Mayer, 2018), which is the first step 
toward building a well-developed individual interest in the geosciences (van der Hoeven 
 23 
 
Kraft et al., 2011). It is well known that student interest can strongly impact learning 
outcomes (Renninger & Hidi, 2002; Schiefele, 1991); thus, assessing the impact of design 
choices on immersion early in our development cycle for VRFE is critical to achieving 
positive learning outcomes in the long term. Our goal with this iteration of formative 
reflection was to test the theoretical beliefs and practical experiences found in existing 
immersion research to better understand the impact of design decisions for our own work 
in developing VRFEs. 
2.1.2 Methods 
2.1.2.1 Overview of VRFE Design Plan 
We are developing VRFE for use by introductory geoscience students as an 
extracurricular game-based learning activity. We are developing the experience at a public, 
research university in the Southeast USA. The physical setting of the VRFE game is Grand 
Canyon National Park, selected due to its unique geologic setting, cultural importance, and 
applicability for exploring introductory geoscience concepts. 
We are developing the VRFE Grand Canyon experience using the Unity game 
engine (Unity Technology, 2018) to be played by individual students wearing a VR 
headset. We are specifically targeting our design toward deployment of VRFE as an app 
on smartphones coupled with a generic Bluetooth game controller, i.e., comparable to a 
standard wireless controller for the Microsoft Xbox, which is used to control an avatar and 
in-game actions. The widespread availability of VR head mounts for smartphones (e.g., 
Google Cardboard; Google, 2018) ensures that the end product will be available to nearly 
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all students in introductory geoscience course settings, rather than only those with access 
to high-end commercially available headsets like the Oculus Rift (Parkin, 2014). 
Our long-term goal for the design of VRFE is to develop a narrative-based, 
interactive educational game set within an environment with a realistic sense of scale and 
analogs to activities performed on real-world geology field trips. Our ongoing development 
goals include the creation of game mechanics that will enable students to make and record 
observations, identify rocks and geologic features, and apply their observations to the 
regional geologic context using real-time feedback to scaffold and support their exploration 
of the environment. We plan to implement the game as an interactive narrative that will 
guide students through a series of objectives in the experience where they will encounter 
geologic units (i.e., Coconino Sandstone; Muav Limestone, Bright Angel Shale, and 
Tapeats Sandstone; Great Unconformity; Vishnu Schist and Zoroaster Granite) related to 
different depositional environments and processes that shaped Grand Canyon. These 
locales were selected to highlight different geologic concepts typically taught in 
introductory geology courses (e.g., rock cycle, superposition, cross-cutting relationships, 
etc.). Thus, the ability to navigate through Grand Canyon’s environment and interact with 
physical objects, like rock samples, is a key consideration in game design.  
2.1.2.2 State of VRFE Development at the Time of Trial 1 
Early in our design process we recognized a need to obtain feedback from 
students regarding our choices about the physical environment, control mechanics, and 
game narrative to guide our continuing development efforts as these three elements 
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provide the core framework upon which the rest of the game mechanics and content 
are developed.  
The physical environment that a user experiences in VRFE was built from 
NASA’s satellite radar topography (SRTM) data (Farr, 2000), thus providing a realistic 
representation of the scale and morphology of the region. At the time of this initial 
assessment, texture maps were applied to the landscape to provide a sense of geologic 
variability, but textures were not directly mapped to the real-world geology of specific 
sites. A realistic atmosphere with sun and clouds completed the base environment. We 
added a suspended platform as an initialization point for the player from which they 
could obtain an aerial overview of the Canyon prior to dropping down to the ground 
surface to explore the area. To allow for some consistency in user experience during 
the evaluation, we also placed a graphic element (i.e., stars) to guide the player from 
the platform to the initial landing point we intended them to explore on the Canyon 
floor. 
Our development plan envisions VRFE as an open-world simulation that allows 
the user to freely explore the physical space of the virtual world in an unstructured 
way, rather than providing a linear path that players are constrained to follow while 
migrating between activity locations. In future work, we intend to structure the learning 
experience using a quest system that we will design to guide individuals through 
content-specific missions and activities. Thus, understanding how players perceive and 
interact with this open environment was an important goal of the assessment, e.g., do 
players feel that the environment was engaging or overwhelming? is the feeling and 
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speed of locomotion appropriate for the size of the area? Evaluating user experience in 
the environment was an important goal for us prior to populating the Canyon with 
learning activities.  
In terms of control mechanics, we were interested in learning about the player’s 
experience in controlling the movement and physical interactions of an avatar through 
the virtual world. We chose to use a third-person view of the avatar to minimize the 
potential for motion sickness experienced with navigation in first-person views. In this 
case, we wanted to understand how difficult it would be for a user to navigate their 
avatar through the virtual environment using the primary joystick on a game controller 
when the view direction can be changed both by movement of the player’s head-
mounted display and a secondary joystick on the controller. In addition, we mapped 
buttons on the controller to functions that allow the avatar to run and jump. 
Though we had not yet started implementing a storyline in VRFE at the time of this 
assessment, we recognized the critical importance of obtaining user feedback on the 
game narrative as it will have a substantial impact the user’s interest in and experience 
during the activity. Our team identified three possible game narratives that we 
considered as options to motivate user actions through play: 
1. You are a novice park ranger working in Grand Canyon who needs to learn 
about the canyon and then decide what information should be included in a 
brochure designed for park visitors. 
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2. You are living in a post-apocalyptic society that has lost all geologic knowledge 
and is trying to regain it. Your leaders have sent you to explore a deep canyon to 
determine important basic geologic concepts. 
3. You are an alien, sent to explore a new planet with a deep, canyon-like feature. 
You are trying to learn as much about the planet’s geologic history as possible so 
you can inform the residents of your home planet.  
These options reflect different degrees of narrative fantasy and motivation for gameplay. 
The park ranger narrative does not provide an extraordinary fantasy element to the story 
but does provide a strong motivation for completing the geologic tasks to achieve the goal 
of producing a tangible product through gameplay, for example, a brochure. In contrast, 
the post-apocalyptic and alien storylines contain increasing degrees of fantasy that provide 
ample room for adventurous and engaging narratives, yet in both cases the overall goal is 
limited to a quest for knowledge without tangible outcomes (at least in terms of the specific 
narrative presented to the participants). We were particularly interested in how participants 
would react to the alien storyline as it provides a scenario wherein the goals of the 
experience, i.e., understanding real-world geology concepts, are juxtaposed with the 
fantasy world of the narrative.  
2.1.3 Data collection and analysis methods 
2.1.3.1 Virtual experience development methodology 
This formative evaluation of VRFE represents an iteration of a design-based 
research methodology conducted using mixed qualitative and quantitative methods to 
inform key elements of game development Design-based research is the study of a 
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particular intervention through continuous iterations of design, enactment, analysis, and 
redesign (Zheng, 2015). All participants in the assessment undertook an individual trial of 
VRFE, completed a survey after the trial, and then took part in a focus group discussion 
about their experience in the afternoon on the same day 
2.1.3.2 Data collection 
We recorded audio of the individual VR trial sessions and the collective focus group 
used to obtain user feedback about environment, mechanics, and game narrative options. 
We used the survey given to participants after the trial to support and interpret participants’ 
responses from the focus group. This multi-methods approach provides both objective 
assessment of users’ survey responses and subjective exploration of their experience 
through discussion. The latter is an especially relevant approach for understanding 
individual user experiences given the small size of our study group (n=8). We integrated 
qualitative data and quantitative survey responses during data analysis and interpretation 
of results. We recruited participants for this study with announcements in an introductory 
geology class, as well as email and word-of-mouth invitations to students. We incentivized 
participants with pizza. Demographic information for the participants can be found in  
Table 2.1. 
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Table 2.1: Demographic information of study participants. 
Major n 
Learning Science 2 
Computer Science 2 
Geology 2 
Digital Production Arts 1 
Biology 1 
Video game experience 
Yes 6 
No 2 
Experienced in virtual reality 
Agree 1 
Neutral 1 
Disagree 7 
Gender 
Female 3 
Male 5 
Other 0 
College level 
First year 2 
Sophomore 0 
Junior 1 
Senior 3 
Graduate Student 2 
Total 8 
VRFE research team members facilitated an individual 20-minute trial session for 
each participant in a gaming lab at the participants’ university. Participants were fitted with 
a Samsung Gear VR headset (Samsung, 2015) and given a wireless controller similar to 
commercial game controllers used with common gaming consoles.  
At this point, a member of the research team asked each participant to describe what 
they were seeing in the headset and how their control of the avatar felt. After describing 
what they were seeing, the participants were guided to find and follow a set of yellow stars 
placed in the environment, which prompted them to jump off the platform and begin 
walking around Grand Canyon (Figure 2.1). Research team members then told participants 
to explore the environment and game controls, e.g., running and jumping. Throughout the 
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experience, research team members asked participants to describe their perceptions and 
experiences, which were audio recorded and later transcribed.  
At the end of their trial session, participants completed a survey including items 
about demographics, previous gaming experiences, their perceived gamer ability, as well 
as realism, transportation, and sensory engagement constructs used from Hite, (2016) to 
evaluate personal immersion in VRFE. We then asked participants to reflect on the three 
possible narrative options for the game storyline that we described previously. After 
completion of their individual interactive session, each participant was also invited to 
attend a one-hour focus group facilitated by VRFE research team members later the same 
day. The focus group allowed us to learn more about participants’ individual experiences 
with the trial sessions and the game narrative options. The first half of the discussion 
focused on gaining feedback on game controls and mechanics and the second half centered 
on participants sharing perspectives on the game narrative scenarios. We asked participants 
about their previous virtual reality and gaming experiences, previous geology experiences, 
issues they had with our game, their experience with the avatar, camera view, headset and 
Figure 2.1: Screenshot of the Grand 
Canyon environment that participants 
experienced in VRFE. The scene 
shown is from a platform on which 
the player’s avatar is located to 
initiate the VR engagement. Yellow 
stars in the background are used to 
guide players to specific areas of 
interest in the environment.  
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controls, suggestions for game play and content, as well as opinions on the narrative 
options given after their trial sessions. 
We transcribed audio recordings from the eight trial sessions and one focus group 
for qualitative analysis and each transcription was verified for accuracy. We followed 
Strauss and Corbin’s (Cohen, Glaser, & Strauss, 1969) three-step coding process to 
strengthen our inductive coding of the data: (1) open coding (i.e., identifying key themes 
related to participants’ experiences), (2) axial coding (i.e., categorizing the initial themes 
into the broader themes as they related to the experiences of the participants), and (3) 
selective coding (i.e., connecting these latter categories with one another and identifying 
subcategories within each). The resulting matrix of codes and themes allowed us to 
compare across and within participants’ transcripts to assess the depth and breadth of the 
themes that emerged (Miles et al. 2013). 
2.1.4 Results 
2.1.4.1 Quantitative Results 
After their interactive VR session, participants completed a survey that focused on 
assessment of sensory immersion, during their experience using VRFE. The survey 
questions are related to the three components of immersion described earlier, i.e., realism 
of the VR experience (Table 2), transportation as reflected by feelings of control within the 
virtual environment, (Table 3) and factors causing distraction from the virtual environment 
(Table 4), and sensory engagement during the trial (Table 5). We scored items for each by 
participants using a Likert scale (1-5, strongly disagree to strongly agree), with the mean 
and standard deviation (SD) of the responses reported in the tables.  
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Realism 
Our assessment of realism focused on whether the participants’ perceived that 
VRFE produced an accurate representation of Grand Canyon’s environment (Table 2.2). 
Overall the participants felt strongly that using a headset to view objects is more realistic 
than using a simulation on a computer or watching a video. These results suggest that 
virtual reality is a practical method to present virtual field trips with an aspect of realism 
greater than technologies previously used in educational settings. Participants agreed that 
the 3D nature of the environment was effectively represented in VRFE but perceived the 
representation of the environment itself to be only somewhat realistic. This is not surprising 
given that in the immediate vicinity of the player, the Canyon itself might appear to be 
somewhat smooth due resolution limitations of the SRTM topography data and generic 
texture mapping approach used. Regardless, the overall impressions of the participants 
indicate that the experience was realistic. 
In comparison to real field experiences, however, the virtual reality experience 
received only slightly positive responses. We expected that this prompt would have 
received a more negative response given that previous studies have shown students 
strongly prefer real field experiences to virtual ones (Spicer & Stratford, 2001). It is 
possible that these results could be related to the fact that most participants (6 out of 8) 
were majors in disciplines lacking substantial opportunities for field experiences in their 
curricula. If this is the case, VR may play a key role in shaping initial perceptions of field 
work when used with audiences having limited real-world field experience, such as 
students in introductory geology courses. Such a scenario would suggest caution in design 
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as it is unlikely that a VR environment would produce the same affect (e.g., Boyle et al., 
2007), place attachment ( e.g., Semken & Freeman, 2008), or learning outcomes (e.g., 
Mogk & Goodwin, 2012) as real-world field settings. It is also possible, however, that these 
results simply reflect the novelty of VR experiences for representing physical spaces 
compared to other experiences the participants have had in the past. 
Table 2.2: Participant responses to realism items of the virtual reality environment (high 
and low average responses of survey aspects in bold). 
8 Mean SD 
1. The virtual objects were not realistic. 2.13 1.13 
2. My experiences during the virtual reality session were similar to real field experiences. 3.13 0.64 
3. The virtual environment was realistic. 3.38 0.74 
4. The illusion of the 3D environment was very real to me. 4.00 0.76 
5. Using the headset to view objects is more realistic than using a simulation on a 
computer. 
4.38 0.74 
6. Using the headset to view objects is more realistic than watching a video. 4.25 0.71 
Transportation 
To assess the degree to which participants felt transported from the real world to 
the virtual world within the VRFE environment, we assessed whether the controls and 
display impacted player immersion. We focused our assessment on whether participants 
felt that they had control over themselves and the VR environment and if they felt distracted 
by factors external to the VR environment during gameplay. The participants reported that 
they felt in control (Table 3) and were not distracted (Table 4) during the VRFE trial. 
Furthermore, they reported feeling very involved in the VR experience and were not 
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distracted by activities going on around them during the trial, thus suggesting that external 
factors did not interfere with their sense of transportation to the virtual world. 
Notably, the participants indicated that the controller performed as expected, was 
natural, and responsive, and did not distract from their VR experience because they were 
comfortable using it. The lack of delay reported between the headset and controller is 
important for preventing loss of immersion. Comfort using the controller and the controls 
not being distracting are likely related to the participants’ previous gaming experiences 
(can be found in  Table 2.1. 
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Table 2.1). We intentionally designed the controls to be similar to common gaming 
consoles, such as the Xbox (Microsoft, 2020), to facilitate this transfer of experience. Thus, 
the kinesthetic experience of using a familiar controller may itself also contribute to the 
enhancement of symbolic immersion by triggering emotions related to past gaming 
experiences, thereby increasing participant enjoyment and overall immersion within the 
VR environment. 
Results for the headset were similar to those for that controller as participants 
generally agreed that they did not feel it was distracting and was comfortable to use. These 
responses suggest that even though participants were aware of the headset and controller, 
this did not seem to impact their sense of immersion through physical or visual distractions. 
Table 2.3: Participant responses to control aspects of the virtual reality environment (high 
and low average responses of survey aspects in bold) 
n=8 (Likert 1-5; strongly disagree to strongly agree)  Mean SD 
1. I felt I was in control of the virtual environment. 4.00 0.93 
2. The controller would do what I wanted it to do in the virtual environment. 3.88 1.36 
3. The interactions I had with the controller to interact with the virtual environment were 
natural. 
3.75 1.16 
4. There was a delay between what I wanted to do and what happened on the screen. 1.50 0.76 
5. I could easily move objects in the virtual environment using the controller. 3.13 0.35 
 
Table 2.4: Participant responses to distraction aspects of the virtual reality environment 
(high and low average responses of survey aspects in bold). 
n=8 (Likert 1-5; strongly disagree to strongly agree) Mean SD 
1. I was very involved during the virtual reality session. 4.63 0.52 
2. The headset was distracting. 2.50 1.20 
3. The controller was distracting. 2.00 0.76 
4. Other people were distracting me during the virtual reality session. 1.50 0.76 
5. I was comfortable using the controller during the virtual reality session. 4.63 0.52 
6. I was comfortable using the 3D headset during the virtual reality session. 4.25 0.71 
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Sensory Engagement 
Responses to the sensory items indicate that participants felt present in the game 
environment (Table 5). Participants strongly agreed that their sense of sight was engaged 
(T5.2, 4.63±0.74), they could effectively explore the virtual environment visually (T5.1, 
4.38±0.74), and were convinced that objects in the headset were moving through space 
(T5.3, 4.38±0.74). At the same time, participants disagreed that they were aware of other 
events in the assessment space (T5.4, 2.88±1.13), which is consistent with the strong 
immersion results found for transportation. Participants agreed that they were aware of the 
controller (T5.5, 4.25±0.46), which is to be expected considering they were using the 
controller to influence the avatar’s actions. Participant awareness of the headset during the 
trial (T5.6, 4.29±0.76) could indicate it has a noticeable weight or was physically 
uncomfortable. 
Table 2.5: Participant responses to sensory aspects of the virtual reality environment 
(high and low average responses of survey aspects in bold). 
n=8 (Range 1-5; strongly disagree to strongly agree) Mean SD 
1. I was able to explore all of the virtual environment with my sight. 4.38 0.74 
2. My sense of sight was highly engaged during the session. 4.63 0.74 
3. I was convinced that the objects I viewed with the headset were moving through space. 4.38 0.74 
4. I was aware of other events in the assessment space (classroom, conference room, 
lecture hall). 
2.88 1.13 
5. I was aware of the controller I used in the virtual reality environment. 4.25 0.46 
6. I was aware of the headset I used to view objects in the virtual reality environment. 4.29 0.76 
2.1.4.2 Qualitative Results 
Qualitative analysis of the audio recordings from the individual trials and focus 
group provide a nuanced and deeper understanding of how the participants engaged with 
VRFE than is possible from the quantitative surveys alone. Four main themes were 
identified in coding the data: (1) reflections on previous game experiences; (2) reflections 
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on play in VRFE; (3) perceptions of narrative, and (4) previous geoscience experiences. 
The qualitative results below are organized by theme, with descriptions of themes, codes, 
descriptions of code, and supporting quotes from participants. Participants are identified 
by “R” and a designated number (e.g., “R8” for respondent #8). 
2.1.4.3 Theme 1: Reflections on Previous Game Experiences  
This theme captures how participant experiences with VRFE were related to (1) 
previous VR experience and (2) previous gaming experience. We are interested in these 
previous experiences because many participants used them as a way to describe and frame 
their interactions with VRFE. Documenting these relationships is therefore important as a 
possible means to interpret how past gaming experiences might impact immersion in 
VRFE. 
Previous VR Experience 
Two participants who had previous experience with VR emphasized the physical 
nature of immersion. R1 described how interaction with the environment can enrich in-
game experiences, one of the VRFE team’s main game development objectives: 
“What’s great about VR is, say you’re in a first-person game, you can tilt 
your head, look around corners. That adds a unique experience, but you still 
feel restricted. And one of the great things about a digital platform, 
especially a game, I think, is being able to suspend reality to a certain degree 
and augment it so that you can experience things a little more. You can see 
greater breadth.” 
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R8 also drew parallels between the visceral, bodily sensations experienced during previous 
game play and their experience dropping off the initial platform in VRFE: “It reminded me 
of falling in Mine Craft, just like the slow drop down.” 
These responses reflect transportation and sensory aspects of immersion by linking 
physical sensations of body movement to actions occurring in the game environment (i.e., 
looking around corners or feeling like falling), consistent with results from the survey data. 
The visceral nature of these descriptions exemplifies that VRFE allows players to “suspend 
reality,” which is the ultimate goal of VR immersion and is dependent on, but is a more 
comprehensive achievement than, fostering a high degree of immersion. The respondent 
comments reflect that within the VR environment they do not feel as restricted and have a 
heightened (or augmented) sense of awareness beyond traditional (non-VR) gaming 
experiences (i.e., as R1 notes “you can experience things a little more”), which points 
toward an opportunity for including actional aspects of immersion within future design 
cycles of VRFE. 
Previous Gaming Experience 
The ability to explore freely throughout Grand Canyon in VRFE triggered R6 and 
R8 to relate our environment to similar open-world games they had played previously. 
Participant R6 expressed that they enjoyed the fact that the game allowed for an open-
world experience: 
“I’ve had experience with first-person, open-world games like that, which 
is one thing I really liked, because when I was doing [VRFE], it sort of felt 
like one of those open-world, first-person games.” 
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This same respondent then elaborated further: 
“I don’t know. Games that are like that. Like you said Skyrim is cool just 
because you can start playing it, you don’t know…where anything is or 
what anything is. You just kind of go ‘round and do whatever. That might 
make the game a little more fun to play, especially if you’re in a position 
you can’t imagine yourself otherwise.” 
These comments directly point toward the importance of multiple aspects of immersion 
that go well beyond immersion.  
In this regard, R8 provides insight about some of the direct benefits of games for 
supporting spatial awareness: “I can memorize the map from the Shadow of Mordor and 
know where everything is.” The idea that high levels of motivation for spatial learning in 
a popular game environment might be translated to learning gains in an educational game 
environment (i.e., using previous knowledge about the organization and spatial 
relationships to maneuver through a gaming environment) is highly significant. The open-
world nature of VRFE where participants have the ability to explore all aspects of the 
environment freely without a specified path, combined with the ability of games to support 
spatial cognition.  
2.1.4.4  Theme 2: Reflections on Play in VRFE 
This theme captures descriptions of the play experiences within VRFE, and 
comments on the use of the game controls during the trial sessions.  
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Descriptions of the Play Experience 
While the open-world nature of game play discussed above offers clear advantages 
for learning, we also discovered that it introduced some practical implementation 
challenges. For example, R7 commented on his failure to locate the trail of yellow stars 
used as a guide to move players toward in-game objectives. Instead, he was distracted by 
a three-dimensional model of a rock left in the virtual world by a developer during previous 
testing (Figure 2): “Like you kept telling me to find the stars, [but] I found the rock several 
times.” Due to the freedom given to players to explore the VRFE environment, they may 
have lost track of important features such as the guide stars. This comment suggests that 
careful scaffolding is required within the open-world environment to help players advance 
in the game as intended by designers. 
We implemented a third-person view for the player because previous research has 
shown that significant movement in a first-person VR perspective may induce 
cybersickness (Salamin, Thalmann, & Vexo, 2006). None of the participants reported 
disorientation or nausea when viewing VRFE in third person, as expressed by R1: “Yeah, 
I didn’t have any problems with motion sickness while I was playing.” However, one 
participant (R6) who asked the team to switch the avatar view to first person while 
navigating, experienced mild dizziness after leaving the trial. These participant experiences 
suggest that the third person strategy successfully minimized cybersickness, while first-
person view presented the risk of cybersickness. 
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From the surveys we found that participants had good control of their environment (T3.1) 
and were engaged in the game play (T4.1). The effectiveness of the third-person view for 
navigating and interacting with the virtual environment is typified by R3’s comment: 
“I see a guy from the top-down view. Or a person. I don’t know if it’s a guy. I’m 
walking around now on a big, flat square, a plane, and I can jump.” 
However, this comment also indicates that the participant views the avatar as an external 
entity rather than as an extension of themselves. Both R8 and R7 experienced challenges 
locating the avatar in the game. R8 described a need for unnatural head positioning with 
the headset to sight the avatar, and R7 commented on losing the avatar due to simultaneous 
control of the camera view by the headset and secondary joystick on the controller. 
R8: “The one thing I kind of noticed [when] trying to locate the avatar…was 
you kind of had to have your head facing down, more than just being able 
to then look forward. A lot of times I was looking down a lot more. It looked 
like I was looking normal, but in actual reality, I was having my head down 
a lot more.” 
R7: “So, I would continue to lose my avatar, and then I would just, again, 
lose my spot because of the goggles, and forget. I was also spinning [in the 
swivel chair], so I would just be…feeling like I have no idea where I am, 
like I know where I am, but I don’t know where the little character is.” 
These comments emphasize the need to keep the movement of the headset seamless with 
movement of the camera view to maintain a player’s view of the avatar. Though the 
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respondents did not mention a loss of immersion in the environment, i.e., they did not 
describe a sense of “leaving” Grand Canyon, presumably the poor connection with their 
avatar would negatively impact the VR experience and, as a result, the potential learning 
impact of VRFE.  
Despite these challenges, several participants provided comments that supported a 
strong sense of personal presence in the virtual environment through their avatar. R2 
described feeling an embodied sense of motion (“It was cool. It actually feels like you are 
falling.”). R5 characterized the natural sense of movement in the game (“I thought the 
movements were pretty fluid.”). These sensations are consistent with those described under 
Theme 1, though in this case the participant comments were related directly to their 
personal experience in VRFE and not mediated by comparisons to past gaming 
experiences. These results are also consistent with the survey results indicating that 
participants were transported into the virtual environment (Section 3.1.2) with a high 
degree of sensory engagement (Section 3.1.3). 
Experiences Related to Game Controls 
Participants also provided feedback about the game controls and their relation to 
movement in the VR environment. Consistent with the results previously discussed for 
Table 3, for example, when R6 was asked if the controls feel natural, he made parallels 
between the controls for our game and an Xbox game: “Yeah. They feel…[it] kind of feels 
just like playing an Xbox game, basically.” This makes sense considering the VRFE game 
controls are very similar to common game console controls even though players are moving 
in a 3D virtual environment. Familiarity of controls and ease of manipulation of game 
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elements are likely to enhance engagement and allow players to focus on educational 
content rather than learning complex game dynamics (Li, Jiang, Tan, & Wei, 2014). 
Like previous comments by R7, however, R6 described issues with reconciling 
control of the camera view via both headset orientation and joystick: “It’s just kind of weird 
because you can rotate with the right stick. You can rotate around your character. But 
then…when you actually look around with your head, you’re also rotating around…Maybe 
if there…could there be a way to fix that to your character, if you understand what I’m 
saying.” 
Perhaps issues like this help to explain why participants felt less comfortable with 
using the headset (T4.6) than the game controller (T4.5), though the overall comfort level 
was high for both. The comments reemphasize the need to carefully consider how the 
avatar movement, player view, and game controls are linked together to minimize 
distractions that could reduce immersion.  
Most of the control issues expressed by respondents related to concerns about the 
speed of movement of the avatar within the environment:  
R1: “the idea of dedicating sprint to a button that you would press” 
R2: “bit slow, but…easy to control.” 
R3: “…but I mean everybody might not be used to knowing [the] right 
pressure sensitivity for running and walking. So, I think…the variation of 
the walk speed right now [is good] and then another button plus the direction 
button one in order to go faster.” 
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R6: “If you could toggle it or just permanently make it a little faster, I think 
that’d be really great ‘cause it does take a little bit of time to maneuver, to 
move around.”  
These perceptions may indicate that the avatar is not moving at a pace consistent with the 
scale of the environment for effective gameplay. While increasing the speed of the avatar 
is an easy fix that may lead to greater enjoyment or immersion for players, a negative 
outcome that we must consider in VRFE is the creation of a false or disproportionate sense 
of physical scale for geologic features that could lead to the introduction of misconceptions 
about important and foundational elements of geography.  
2.1.4.5 Theme 3: Game Narrative 
Perceptions Before Exposure to Proposed Game Narratives 
This theme contains quotes that relate to the importance of narrative development 
in VRFE and its relationship to narratives from other games. We learned that participants 
were using previous gaming narratives to describe not only their experience in the 
environment, but the type of narrative they would like to see in the VRFE game. For 
example, R8 explained that due to the current popularity of zombie-type narratives, this 
type of storyline might be a way to engage students within a geoscience education game:  
“They have so many games now that people enjoy playing with like 
zombies and everything like that; it would kind of make it a little bit, make 
more sense with how you’re doing it.”  
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Leveraging this cultural reference within our game would potentially lead to enhanced 
symbolic immersion, though it is not completely clear how a zombie-like storyline would 
ultimately reinforce our learning objectives versus simply making the game more exciting. 
On the other hand, R4 had past experience with choosing narratives for learning and 
suggests that we make the game and learning objectives parallel to the player’s 
experiences: 
“Well I think that’s the challenge. On all the papers that I’m reading now, 
they’re saying that the challenge in designing games for learning right now 
is making that narrative seamless with that educational component…you 
can’t really separate the two.”  
Our design philosophy echoes R4’s comment, in that we are endeavoring to coordinate the 
game narrative and player goals to provide a more immersive and engaging educational 
experience.  
Perceptions After Exposure to Proposed Game Narratives 
This sub-theme captures comments regarding one or more of the three specific 
narrative options the participants were given between the individual trial session and the 
focus group. Participant feedback highlighted how choice of game narrative influences 
flexibility for the integration of learning goals within the game, the importance of player 
self-identification with game characters, and the use of narrative for supporting discovery-
based learning. Players are more likely to be engaged when elements of game-familiarity 
(e.g. narrative) are added (Li et al. 2014). 
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For example, participants R3 and R1 suggest that the alternate realities of the post-
apocalyptic or alien scenarios provide flexibility for implementing a learning environment 
or game mechanics that allow players to suspend disbelief to achieve learning goals. 
R3: “Yeah, I think especially the last two [post-apocalyptic and alien] 
…leave that open for what you can do, for both fictional [and]based off of 
actual information.” 
R1: “I think on those grounds, the alien one gives you a lot of options, in 
terms of how you use the interface, how you go to different levels, because 
what? You have like a spacecraft right? You just jump in, so you can maybe 
even travel through time and see how erosion has changed the landscape. I 
mean there is…if games allow us, and narratives allow us, to suspend 
reality, you may as well go all in on it, right?” 
In contrast, R7 desired to identify with characters through the narrative. In particular, R7 
suggests value in the player being able to learn in parallel with the character, keeping with 
the novice nature of the learner, rather than assuming the character has independently 
obtained expert knowledge that is inaccessible to the player:  
“I like the park ranger just cause, again...the park ranger probably doesn’t 
know very much. I mean if it’s a new park ranger, [they don’t] know much. 
So [they are] basically in the same boat you are, you’re learning Geology 
101.” 
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R1 and R6 mentioned that an open-world, discovery-type game would easily parallel the 
game narrative options.  
R1: “that’s a plot device aliens have to learn, right? Immediately, they don’t 
know anything, so it’s part of exploration.”  
R6: “an ideal sort of format, that sort of, like you’re just discovering this 
place for the first time, let’s go see what’s around here, what we can find.”  
These comments point to interest in a narrative that provides participants with the 
motivation and tools to explore and experiment within the environment, thus supporting a 
discovery-based learning experience. Notably, we did not identify any explicit concern 
from participants that the fantasy elements of the apocalyptic or alien narratives would 
conflict with learning the real-world geoscience content.  
2.1.4.6 Theme 4: Previous Geosciences Experiences 
This theme contains codes about participants’ reflections on previous geoscience 
experiences within the context of our VR game. R6, a geology major, wondered if future 
iterations of design could have application in higher-level geology classes:  
“[Has the research team considered implementing more than] really basic 
geology concepts in the intro to geology classes, like certain things about 
structural geology, like faults and folds and all that?”  
R1 described his experience in undergraduate geology classes, which took place over a 
decade before our study, and suggests how a shift in teaching style could improve learning 
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outcomes while also potentially improving long-term recall of geoscience as a more 
positive experience.  
“[I remember] how much of [intro geology] was just rote memorization 
from textbooks and memorizing features of something...I agree with you, 
and I think context is so important, and it’s proven in studies, context is so 
important to memory.” 
We are endeavoring to make VRFE engaging and contextual, thus extending geology 
education beyond perceived rote, mechanistic styles of teaching and learning. 
2.1.5 Discussion 
This formative assessment yielded crucial insights into the environment, controls, 
and narrative for guiding continued development of VRFE. Overall, participants found the 
VR platform to be an interesting way to engage with geoscience. This finding is perhaps 
not surprising given that many students still have limited access to VR experiences outside 
of specialized gaming contexts. Our qualitative results show that students have a sense of 
novelty and curiosity about how this technology could be used in a classroom setting, thus 
suggesting high potential for triggering situational interest, which is an important step in 
building long-term student interest in the geosciences (van der Hoeven Kraft, 2017). 
Creating high-quality immersive experiences that scaffold learning for students will, 
however, be a key factor that moves VR from a technology that produces interest to one 
that produces effective learning gains (Parong and Mayer, 2018). 
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Our study shows that even at this early point in the development process, when 
many of our planned game elements have not yet been implemented, participants still found 
VRFE to be an immersive environment. Multiple participants reflected on the visceral 
nature of the experience and the survey results indicated a high degree of immersion 
through transportation into the virtual world as part of sensory engagement. While we 
considered using first-person perspectives to further enhance the sense of immersion and 
embodiment in VRFE, we decided to continue using third-person views in our ongoing 
development as such views prevented feelings of cybersickness when players were moving 
through the environment. Regardless, the complexity of our VR game controls, specifically 
in terms of the use of both joystick and head tracking for controlling camera views, caused 
confusion for some participants, reducing their sense of presence. 
A second finding from this formative assessment was how participants related their 
VRFE experience to previous gaming experiences. Exploration and discovery are clearly 
aspects of earlier game play that appeal to VRFE participants. These aspects of gameplay 
relate back to Dede’s (2009) argument that immersive learning environments allow a 
player to change their frame of reference to enable the solution of complex problems within 
authentic situated learning environments. 
Similarity between VRFE game controls and those used by common game consoles 
(i.e., Xbox), and participants’ previous game play, allow players to focus their attention on 
performing actions within the game environment, rather than learning new controller 
mechanics. The choice to continue using an external Bluetooth game controller in our 
development was not trivial, however, as different controls (e.g., a focal spot in the VR 
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display activated by a single selection button typical for Google Cardboard) could make 
the game more accessible to a broader range of students.  
Similarly, the open-world nature of VRFE was familiar to many participants from 
their previous experiences playing commercial games. This degree of familiarity not only 
means that students with similar past gaming experiences would feel comfortable in VRFE, 
but they would also be primed to use exploration and discovery as a key element of 
gameplay. We are continuing to devise ways to integrate interactive and realistic learning 
elements as parts of the environment, such as rock samples and outcrops dispersed 
throughout a large region. We also found that the open-world nature of the game presented 
some drawbacks. For example, some participants were easily distracted away from game 
elements intended to guide them toward objectives (i.e., star trails), thus necessitating 
careful scaffolding of both game mechanics and learning goals within the environment as 
our development efforts continue. Issues with the avatar’s speed of movement relative to 
the scale of Grand Canyon also caused some dissatisfaction in gameplay. While we could 
simply increase the avatar speed, this could lead to misconceptions regarding the spatial 
scale and arrangement of geologic features in the real world, which could thus detract from 
an important learning goal of traditional geoscience field experiences (Meezan and Cuffey 
2012).  
Careful selection of a game narrative could help to address some of these issues by 
creating scenarios that separate learning goals from game mechanics (e.g., fast transport 
between regions by UFO). We found that participants were accepting of narratives that are 
not realistic as these can help to suspend disbelief in a way that can enhance gameplay and 
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learning. We also found, however, that maintaining a narrative that allows participants to 
identify with the characters is important. We are currently exploring narratives focused on 
exploration of Grand Canyon by conquistadors or early 20th century miners following the 
California Gold Rush. Both narratives have an element of fantasy, but also maintain 
historical realism and characters with novice skill levels that students will be able to 
identify with. Importantly, we interpret the overall sentiments of the participants to favor 
discovery-oriented narratives where players apply geologic concepts over descriptive 
narratives where players simply make observations of geologic features. 
2.1.6 Study limitations 
A limitation of this work is that the build of the environment used for trials did not 
allow the researchers to view and record what participants were seeing during the sessions. 
As a result, comments made during the trials could not be directly associated with specific 
in-game actions or views. Also, results are based on a preliminary version of our game, 
thus specific learning goals planned for future versions of VRFE could not be evaluated. 
Respondent comments provide some insights and suggestions for best practices in the 
development of VR games, but these may be limited to the geologically oriented third-
person game we are developing. 
Another limitation of this study is that the study group was small, consisting of only 
8 participants, and were from a single institution. It is not clear how the student responses 
observed here might generalize across the wide range of students enrolled in introductory 
geology courses. While the majority of the participants are (or were) in curricular programs 
that allow students to take an introductory geology course, we prioritized the selection of 
 109 
 
participants that could provide informed insights about VRFE based on their disciplinary 
expertise (i.e., geology, computer science, learning science, digital production arts). As a 
result, the perspectives of the participants may not reflect the broad diversity of students in 
geoscience courses that do not share one of these disciplinary backgrounds. Furthermore, 
six out of the eight participants were familiar with playing video games, which may or may 
not be representative of the gaming participation of introductory geoscience students. 
Given the limitations of the small size of the study group, there is clearly value in 
our mixed methods approach to this study as the quantitative results from the survey and 
qualitative data from the trials and focus group allowed us to corroborate and interpret the 
participant responses in a way that provides a deeper understanding of what design factors 
impact immersion in VRFE. In particular, the survey results helped us to address the 
“what” dimensions of the participant experiences, whereas the qualitative results allowed 
us to learn more about the “how” and “why” dimensions. Together, the two sources of data 
provide a more holistic account of the VRFE sessions than we would have been able to 
obtain through purely quantitative or qualitative data alone. While the mixed-methods 
approach does not overcome the limitation of a small study group, we were able to better 
relate the participant experiences to previous findings from the literature and to provide 
clearer guidance for future iterations of VRFE. 
2.1.7 Implications for future research 
Our findings from this formative assessment of a virtual reality experience have 
implications for our future research, as well as for other researchers developing (or 
considering developing) immersive virtual reality experiences for education.  
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Assessment at an early stage of development can help determine how the 
participants are experiencing the environment but can also inform later development and 
testing. One finding that can be beneficial for other researchers is that an early open-world, 
minimalist experience generated some level of immersion in our participants. This is 
encouraging because other developers in virtual reality experiences for field-based 
disciplines (e.g. ecology, environmental science, archeology) may also be able to see 
participant immersion early in their development processes. Despite the fact that realism 
of the environment may not be a critical element for immersion, future work (ours and 
others’) will need to assess the importance of realism for achieving learning goals. 
Special attention to control elements (controller, headset, camera view) are needed 
in the future design of games like VRFE to ensure that controller issues do not distract 
from immersion in the experience. Our future development efforts will need to focus on 
ensuring a strong linkage between the player and avatar. One example of how this could 
be achieved in future is by locking the player’s view to the movement of the headset and 
then removing the capability to rotate the view with a secondary joystick on the controller. 
In future iterations of development, we understand that keeping controls as simple as 
possible will likely improve user-friendliness for both novice and experienced gamers. We 
anticipate that this feature would be beneficial for others who aim to implement trials or 
similar immersive virtual experiences because virtual reality will likely remain novel in 
educational contexts for some time to come.  
This current study also has implications for the next stage of our research. This 
iteration of trials has shaped our future narrative development efforts to focus on 
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historically based adventure settings that implicitly integrate a player’s need for geologic 
knowledge. Pairing learning objectives with typical narrative elements can help make 
immersive virtual environments interesting and can help motivate students to acquire 
necessary knowledge. Someone intending to design an experience for archeology, for 
example, could combine the need to find water with an ancient civilization’s irrigation 
practices.  
Furthermore, we do not generally advocate for the use of a VR field trip over a real-
world experience when it is available. A possible exception would be if future research 
demonstrates clear advantages of the virtual experience in certain cases, perhaps related to 
actional immersion aspects of VR that would enable students to undertake tasks impossible 
in the real world, for example, shrinking students to investigate the atomic structure of 
minerals or allowing them to manipulate time by pausing a tornado or speeding up erosion 
to investigate details of processes like these. 
2.1.8 Conclusions 
While we are early in the development of VRFE, our formative assessment 
indicates that the current state of the physical environment and control mechanics provide 
the basis for a context-rich learning environment for introductory geoscience students. Our 
early results support the conclusion that VRFE enables personal presence (i.e., sensory 
immersion) for the creation of a situated learning experience in Grand Canyon. Though a 
fully realistic representation of Grand Canyon was not achieved, it is clear that the 
participants still felt transported into the virtual world with a high degree of sensory 
engagement.  
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The simplicity of the game controls and third-person view implemented in VRFE 
were effective for enabling participants to explore the virtual environment. The overall 
participant responses suggest that some degree of embodiment was achieved even with the 
third-person view, at least in terms of the participants experiencing physical sensations 
attributed to the avatar (e.g., falling). 
The degree to which participants’ past gaming experiences mediated their 
experience in VRFE was an interesting outcome of the formative assessment that we had 
not anticipated. The use of a game controller similar to those used in common non-VR 
videogame platforms facilitated transfer of past gaming experiences, thereby enabling 
participants to focus on completing actions in VRFE rather than learning new or 
complicated controller functions. Similarly, participants transferred their past experiences 
with open-world games, like Skyrim, to VRFE. Past experiences with such games, either 
positive or negative, could prime a student’s perception of their experience using VRFE. 
The participants highlighted the value of the open world setting for promoting exploration 
and discovery.  
It is clear that respondents in our study were eager for game narratives that promote 
actional and symbolic aspects of immersion in learning activities, i.e., storylines that 
clearly motivate player actions, support discovery, and build on shared cultural experiences 
or knowledge (e.g., zombies). Participants did not appear to be concerned that unrealistic 
storylines might create a conflict with the presentation of real-world content, though the 
narratives were hypothetical, and we did not explicitly test for this conflict within VRFE 
itself.  
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The overall results of this multi-method formative assessment study suggest that 
VRFE may be an effective way to address many of the key goals desired in real field trips 
(i.e., metacognition, affect, and immersion) (Mogk and Goodwin 2012). Other important 
aspects of field trips, i.e., cognitive gains and acquisition of the skills and expertise of a 
professional geologist, depend strongly on specific learning goals and activities and thus 
were not tested in this study, which focused on environmental, control, and narrative 
aspects of VRFE. Regardless, our results indicate that VR-based field trips of all types are 
worthy of further research as supplementary experiences to fill gaps for students who 
would otherwise not have the opportunity to engage in a real-world, field setting. 
. 
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CHAPTER 3:  CURRICULUM AND INSTRUCTIONAL DESIGN 
3.1 Introduction 
The Virtual Reality Geology Field Experiences (VRFE) team designed the virtual 
experience to be faithful to aspects of a traditional geology field experience while ensuring 
that the virtual experience provided opportunities for geology students to develop 
geoscience thinking. The curriculum and instructional design of all iterations of the virtual 
reality geology field experience, as well as the classroom and outdoor experiences, 
revolved around four major competencies that are essential to geologic thinking (Kastens 
et al., 2009):  
1. Thinking about time: Geoscientists tend to have a long view of time, and 
geologists expect low-frequency, high-impact events.  
2. Understanding the Earth as a complex and complicated system: Geoscientists 
understand that the Earth is characterized by feedbacks between processes and 
among component parts.  
3. Learning in the field: The geosciences are largely an observational science, and 
fieldwork is a central, formative experience.  
4. Spatial thinking: Geologists inherently use spatial thinking whether they 
acquire, represent, manipulate, or reason about objects, processes, or 
phenomena in space.  
We considered ways to bolster students’ feelings and attitudes about geology learning 
along with making curriculum decisions about how to develop students’ geologic 
understanding through the virtual reality experience; therefore, we chose the Affective 
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Domain Framework for Geoscience (van der Hoeven Kraft, et al., 2011; see Section 1.1.6 
Affective domain for geoscience) to guide virtual experience design. The Affective 
Domain Framework for Geoscience defines three domains in which geology is most likely 
to influence student attitudes toward learning in the geosciences: motivation, emotion, and 
connections to Earth (Table 3.1). We used the Affective Domain Framework for 
Geoscience as a guiding framework to consider ways that we could bolster students’ 
feelings about the earth, and as a result, be more interested in learning about it.  
Table 3.1: The overlap of different aspects of the Affective Domain for Teaching in 
Geoscience (taken from van der Hoeven Kraft et al., 2011). 
 
3.2 Field Setting 
3.2.1 Virtual experience 
The choice of field setting for the virtual experience was influenced by the 
aforementioned perspectives that influence geoscience thinking (Kastens et al., 2009), as 
well as including ways that the experience could influence students’ attitudes toward 
learning in the geosciences (van der Hoeven Kraft et al., 2011). We wanted the location of 
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the virtual experience to represent deep time and a long geologic history so that we could 
prime students to consider the vastness of the age of the Earth (“thinking about time”). We 
considered locations that demonstrate multiple, complex interrelated Earth systems, such 
as deposition, weathering and erosion, and hydrology, among others (“Earth as a complex 
system”). We also wanted to select a location that would allow students to be able to 
understand spatial relationships between places within the same setting (“spatial 
thinking”). We wanted a location that had cultural significance to American students, such 
as a national landmark or park, to trigger place attachment and  We chose Grand Canyon 
because its rocks represent more than one billion years of Earth history (“thinking about 
time”), is easy for students to see distinct geologic units (“spatial thinking”), and has 
horizontal strata allows students to relate moving up or down in elevation to moving in 
time. Other studies have shown that Grand Canyon has place attachment and aesthetic 
appeal (Semken & Freeman, 2008), particularly for American students. We needed 360-
degree images from Grand Canyon as a base for the experience in Wonda VR (Wonda VR, 
2018), so we used Google Streetview panoramas from the South Rim Trail. We initially 
planned for participants to travel from the rim of Grand Canyon to the bottom in the virtual 
experience. However, due to time constraints, we only featured an overlook view from the 
South Rim and a close-up view of the Coconino Sandstone.  
3.2.2 Classroom experience 
We endeavored to design a classroom experience that would mirror the field setting 
of Grand Canyon so that participants would still be able to consider the vastness of the age 
of the Earth, multiple, complex Earth systems, and an ability to understand spatial 
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relationships. Further, we needed to find a location that showed multiple geologic units, 
contacts, and preferably a cross-cutting relationship to provide an activity that gives 
participants the opportunity to synthesize multiple geologic concepts. In lieu of the 
Coconino Sandstone outcrop that we used as the second location in the virtual experience, 
we chose an image of Hance Rapids in Grand Canyon for the classroom posters (Figure 
3.1). Hance Rapids features multiple types of sedimentary rock (Hakutai Shale, Shinumo 
Quartzite) as well as a diabase dike cutting across the Hakutai Shale. We labeled rocks that 
corresponded to the labels on the poster outcrop. We placed rocks (A-sandstone, B-shale, 
Figure 3.1: Poster of Hance Rapids in Grand Canyon, Arizona, USA featured in posters 
for the classroom experience. “A” is Shinumo quartzite, “B” is Hakutai shale, and “C” is 
a diabase dike.  
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C-diabase) on the lab benches so that two students worked together with the same set of 
rocks. In order to avoid complicated juxtaposition of colloquial uses of rock names 
(Shinumo “Quartzite” that is above Hakutai Shale), a sample of sandstone was placed on 
the lab tables instead of quartzite, and a sample of basalt (because the students had not 
previously identified diabase) was used instead of diabase. Students’ learning objectives 
for the classroom experience include determining grain size (A and B), rock identity, and 
depositional environment (A and B), and if any of the units potentially contained gold (see 
Appendix A: Classroom Experience Learning Objectives for experience handout).  
3.2.3 Outdoor experience 
We were limited by the geology surrounding the institution where we held trials to 
determine the location for the outdoor experience. The geology surrounding the research 
institution is a complex mix of metasedimentary and metaigneous schist and gneiss. We 
did not have access to similar horizontal, sedimentary strata or a location with national 
cultural significance like Grand Canyon that was featured in the virtual and classroom 
experiences; however, we used an outcrop close to campus in which students could see 
cross-cutting relationships, specifically biotite gneiss surrounding hornblende gneiss 
boudins. We chose a saprolitic outcrop with light-colored biotite gneiss surrounding 
darker-colored hornblende gneiss boudins (Figure 3.2). Students’ learning objectives for 
the outdoor experience include learning to draw and label an outcrop, identifying minerals 
in each of the varieties of gneiss, performing rock identification, determining the depth and 
pressure of the metamorphic rocks, as well as if any of the units potentially contain gold 
(see Appendix B: Outdoor Experience Learning Objectives for experience handout).  
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Figure 3.2: View to south of outcrop of biotite gneiss (light) surrounding hornblende gneiss 
(dark) boudins in stream near institution where trials were held. Hammer is 0.3m (1ft) tall.  
3.3 Narrative 
We developed learning goals for the virtual experience while simultaneously 
designing the virtual experience (Table 3.2) because we wanted the virtual experience to 
align with aspects of traditional geology field experiences, as well as incorporating 
interesting elements with learning goals.  
3.3.1 Virtual experience 
We wanted the activities within the virtual reality geology field experience to echo 
those of a traditional field experience, such as having students collect their own data, make 
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their own observations, and translate it to larger geologic conclusions. We added an 
engaging narrative to guide the experience that would parallel learning goals, as well as 
provide a source of external information, such as hints, tips, and instructions that was not 
necessarily text. After receiving feedback from participants about narrative options (see 
Trials 1 and 2), we designed the virtual experience around a person who becomes a 
prospector and decides to head west to find gold to help his family’s financial situation. He 
carries his Uncle Hans’ journal, which serves as a narrative element and provides students 
with clues and other helpful information. In the experience, the participant hears audio of 
two voices: Hans, whose voice serves as a third-person character who provides information 
about tools, and the prospector, whose narration serves as a first-person character (e.g. “I 
need to keep exploring”) and provides summaries of activities, external information, drives 
next steps, and encourages exploration. Specifically, students are supposed to make 
geologic observations as the prospector so they can determine if a rock is suitable to contain 
gold. 
3.3.2 Classroom experience 
The classroom experience did not feature a prospector narrative, or any other kind 
of narrative. The primary similarity to the virtual experience was that students in the 
classroom experience also were tasked with determining if any of the units they identified 
contained gold.  
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3.3.3 Outdoor experience 
The outdoor experience also did not feature a prospector narrative, or any other 
kind of narrative. The primary similarity to the virtual experience and to the classroom 
experience was that students in the outdoor experience were tasked with determining if any 
of the units they could identify contained gold.  
3.4 Virtual Experience Field Activities 
We wanted students to start the virtual experience by doing activities they were 
familiar with from lecture discussions and lab activities. Students enrolled in introductory 
geology laboratory classes are familiar with determining a clastic sedimentary rock’s 
identity from the dominant size of sediment grains within it. Students had also been 
introduced to sediment maturity properties, such as roundness and sorting, in lecture, as 
well as depositional environments. However, we suspected that lecturers or GTAs had not 
previously given students an activity to synthesize these concepts, such as connecting 
sediment grain size and sediment maturity properties to the sediment’s depositional 
environment. Therefore, we wanted to use the virtual experience to scaffold these concepts 
so that students were able to synthesize a small piece of Grand Canyon’s geologic history 
from data they collect. We developed a series of levels, missions, and objectives that would 
combine geologic learning content, mechanics of the headset and experience, aspects 
needed to advance the prospector narrative, as well as all those elements integrate with 
scenes at Grand Canyon (Table 3.2). Learning goals are divided into geologic and 
mechanic goals. Geologic goals are aspects of geology instruction that we want the 
participant to learn in each level. Mechanic goals are ways that we adapted interactions 
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with objects in real life (e.g., performing an acid test) into the virtual experience and were 
our way of teaching the participant how to interact and navigate within the virtual 
experience. Throughout the discussion of the flow of the virtual experience, learning goals 
will refer to Table 3.2 and will be referenced as “Level. Mission. Objective” For example, 
Level 1, Mission 1, Objective 3 of will be L1.M1.O3. Learning objectives for the classroom 
experience and outdoor experience can be found in Appendix A: Classroom Experience 
Learning Objectives and Appendix B: Outdoor Experience Learning Objectives, 
respectively.  
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Table 3.2: Learning goals, narrative elements, questions and text feedback in the virtual experience.  
 
Learning Goals Narrative Text/Questions 
Opening Sequence: 
Theatre 
GEOLOGIC: 
Understand that geologic materials 
contain important resources 
MECHANIC: 
Adjust to being in virtual reality 
Character experiences Great Depression 
and needs to improve financial situation 
for family 
Newsreel of gold found in Grand Canyon 
Mentions Uncle Hans’ tool from mining 
 
Transition  Train sounds to signify travel to Grand 
Canyon 
Gaze here to disembark 
Level 1: Rim of 
Grand Canyon 
   
Mission 1: Learning 
about tools 
   
Objective 1: Unload 
tools from backpack 
MECHANIC: 
Understand how to use headset to 
activate tools 
Character figures out what tools Hans left 
him 
Gaze over a tool to learn what it 
does 
Objective 2: Using 
rock hammer 
GEOLOGIC: 
Understand fresh rock surfaces are 
necessary to see internal structures 
MECHANIC: 
Understand how to activate 
hammer 
Hans’ narration tells character that they 
need to use hammer to see a fresh rock 
surface 
 
Objective 3: Using 
acid  
GEOLOGIC: 
i. Understand that rock that reacts 
to acid is limestone 
ii. Understand that limestone is 
deposited in shallow seas 
iii. Understand that if rock does not 
react to limestone, the rock was 
formed in a different depositional 
environment 
MECHANIC: 
i. Understand how to activate acid 
Hans’ narration tells character that they 
can use the acid to determine if rock is 
limestone or not 
Hans also tells character that if rock is 
limestone, that rock was formed in a 
shallow ocean environment 
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ii. Practice safety when dealing 
with acid 
iii. Understand fizzing sound means 
that rock reacts to acid 
Objective 4: Using 
hand lens 
GEOLOGIC: 
i. Understand that hands lens is 
necessary to see smaller 
components of rock 
ii. Understand that sediments are 
deposited in environments that 
eventually form rocks 
MECHANIC: 
i. Understand how to activate hand 
lens 
ii. Understand that hand lens 
activates grain size chart 
Hans’ narration tells character that they 
can use the hands lens to help them 
determine grain maturity characteristics 
Hans’ narration also mentions that the 
character can determine depositional 
environments by closely inspecting 
mineral or sediment components. 
 
Transition 
  
Continue the quest 
Objective 5: Locate 
rock sample 
GEOLOGIC: 
Understand that geologic 
observation begins with collecting 
rock samples 
MECHANIC: 
i. Understand what a rock sample 
looks like in the virtual 
environment 
ii. Understand how to select a rock 
sample 
 Locate and collect a rock sample 
Objective 6: Utilize 
journal 
GEOLOGIC: 
Understand that making field notes 
are important for making 
conclusions 
MECHANIC: Understand that 
journal will be used to keep 
information and provide clues 
Character notes that the journal contains 
Hans’ notes and observations and will be 
helpful to identify rocks that contain gold 
 
Transition   Continue the quest 
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Mission 2: Identify 
rock 
 Character notes that it is their turn to tell 
the story and they need to take a closer 
look at the rock. 
 
Objective 1: Locate 
rock sample 
GEOLOGIC: 
Locate rock sample 
MECHANIC: 
Select rock sample 
 Locate and collect a rock sample 
Objective 2: Perform 
acid test 
GEOLOGIC: 
Perform acid test 
MECHANIC: 
Select acid bottle 
Character notes that the rock did not fizz, 
so it must not be a limestone 
Test the rock with acid to see if it 
fizzes 
Objective 3: Using 
hand lens 
GEOLOGIC: 
Understand that some rocks are 
made of smaller sediment grains 
MECHANIC: 
Understand that selecting hand 
lens will trigger microscopic image 
of rock 
Character mentions that there is not gold 
but remembers that Uncle Hans told him 
that he could learn a lot about a rock by 
examining it closely. 
Use the hand lens to investigate 
the sample 
Objective 4: 
Determine grain 
size 
GEOLOGIC: 
Understand that sediment grain 
rocks can be classified by size 
MECHANIC: 
i. Classify sediment grain size using 
grain size chart 
 
 What is the grain size of the 
sediment in this rock? 
Mud (Not quite. The sediment in 
this rock is from a higher energy 
environment.) 
Sand (Correct! The sediment in 
this rock is sand-sized. 
Pebble (Not quite. The sediment 
in this rock is from a higher 
energy environment.) 
Objective 5: 
Determine grain 
roundness 
GEOLOGIC: 
i. Understand that sediment is 
rounder the farther it is away from 
its source 
ii. Understand that sediment is 
more angular the closer it is to its 
source 
MECHANIC 
 What is the rounding of the 
sediment in this rock? 
Angular (Not quite. The sediment 
in this rock was deposited farther 
from its source) 
Subangular (Not quite. The 
sediment in this rock was 
deposited farther from its source) 
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Determine sediment grains’ 
roundness using a roundness chart 
Subrounded (Correct! The 
sediment in this rock was 
deposited far from the source. 
Rounded (Not quite. The 
sediment was deposited closer to 
its source.) 
Well rounded (Not quite. The 
sediment was deposited closer to 
its source.) 
 
Objective 6: 
Determine sediment 
sorting 
GEOLOGIC: 
Understand that increased 
sediment sorting happens with 
increased distance from source 
MECHANIC 
Determine sediment grains’ 
roundness using a roundness chart 
 What is the rounding of the 
sediment in this rock? 
Very poorly sorted (Not quite. 
The sediment in this rock was 
deposited farther from its source) 
Poorly sorted (Not quite. The 
sediment in this rock was 
deposited farther from its source) 
Moderately sorted (Not quite. 
The sediment in this rock was 
deposited farther from its source) 
Well sorted (Correct! The 
sediment in this rock was 
deposited far from the source. 
Very well sounded (Not quite. 
The sediment was deposited 
closer to its source.) 
Objective 7: 
Determine rock 
identity 
GEOLOGIC: 
Understand that characteristics of a 
rock can be used to identify it 
MECHANIC: apply observations of 
sample to identify the type of rock 
Character mentions that the grains in the 
rock are subrounded, well sorted, and are 
sand-sized. They state you can now 
identify this rock. 
What is the identity of this rock? 
Shale (Not quite. The sediment in 
this rock was sand-sized) 
Limestone (Not quite. The 
sediment in this rock was sand-
sized) 
Sandstone (Correct! This rock is a 
sandstone) 
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Conglomerate (Not quite. The 
sediment in this rock was sand-
sized)     
Transition 
  
Gaze here to check out more 
rocks 
Mission 3: Sample 
integrity 
   
Objective 1: Locate, 
sample, and test all 
samples at location 
GEOLOGIC: determine identities of 
various rock types (shale, 
limestone, and conglomerate) 
MECHANIC: apply observations of 
samples to identify multiple rocks 
in same location 
 
See Level 1, Mission 2, Objectives 
1-6 
Objective 2: 
Determine which 
sample belongs in 
area 
GEOLOGIC: acknowledge that 
samples are not in place. Introduce 
the need for sampling rocks in 
place. 
Found a limestone, a sandstone and a 
conglomerate. Did not find gold, but 
narrator implies that the rocks have 
already been looked at by prospectors and 
the character needs to find out outcrop. 
 
Transition   Continue the Quest 
Level 2: Coconino 
Outcrop 
   
Mission 1: 
Investigate an 
outcrop 
   
Objective 1: Locate 
an outcrop 
GEOLOGIC: outcrops are important 
places to study rocks because 
(unlike hand samples) they 
represent an undisturbed record of 
geologic processes. 
MECHANIC: use tools (hammer) to 
sample and test rock (acid bottle, 
hand lens, grain size chart) 
Narrator mentions that he needs to use his 
tool to test his rock to see if 
 
 109 
 
Objective 2: Collect 
a sample from 
outcrop 
GEOLOGIC: rock identification is 
dependent upon proper field 
techniques such as breaking fresh 
rocks off outcrop 
MECHANIC: how to collect a 
sample from an outcrop  
Character needs to take a sample and test 
the rock so that they can determine what 
rock is in the area 
Use the hammer tool to collect a 
sample from the outcrop 
Mission 2: Identify 
rock 
   
Objective 1: Rock 
tests and 
identification 
GEOLOGIC: Identify rocks you 
sampled from outcrop 
MECHANIC: participant uses all 
tools to identify rock and 
determine depositional 
environment 
 
See Level 1, Mission 2, Objectives 
1-6 
Transition   Next/What did Hans’ journal say 
about these features? 
Mission 3: 
Determine 
depositional 
environment 
   
Objective 1: Outcrop 
observations 
GEOLOGIC: identify bedding 
structures in outcrop 
MECHANIC: how to make 
observations about an outcrop 
Narrator mentions that there are 
interesting features in rock and that they 
can use the information they have 
gathered to determine the depositional 
environment of the sediment in the rock 
What are the features in the rock? 
Horizontal bedding (What did 
Hans’ journal say about this?) 
Ripple marks (What did Hans’ 
journal say about this?) 
Cross beds (Correct! These 
features are cross beds) 
Mud cracks (What did Hans’ 
journal say about this?) 
Objective 2: 
Depositional 
Environment of 
Coconino 
GEOLOGIC: determine the origin of 
aeolean (wind-blown) deposits 
 
What is the depositional 
environment of the sediment in 
this rock? 
Desert (Correct! The sediment in 
this rock was deposited in a 
desert) 
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Deep marine (Not quite. 
Remember the sediment in this 
rock is well sorted, subrounded, 
sand-sized, and contains cross 
beds.) 
River (Not quite. Remember the 
sediment in this rock is well 
sorted, subrounded, sand-sized, 
and contains cross beds.) 
Swamp (Not quite. Remember the 
sediment in this rock is well 
sorted, subrounded, sand-sized, 
and contains cross beds.) 
END OF 
EXPERIENCE 
 
No gold, but character is encouraged to 
keep exploring 
Please remove headset 
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3.5 Grand Canyon Virtual Reality Geology Field Experience 
3.5.1 Opening theatre sequence 
The opening scene is a theatre where the participant is shown a video reel of a gold 
rush “out west” and of gold found in Grand Canyon (Figure 3.3). Audio, from the 
participant’s perspective and acting as an internal monologue, provides the participant with 
motivation to head west and find gold to support their family. The opening sequence also 
serves as a way for the participant to adjust to wearing the virtual reality headset. The scene 
darkens, and the participant hears train sounds and a whistling noise to indicate travel to 
Grand Canyon and a transition to the next scene.  
 
3.5.2 Rim of Grand Canyon 
3.5.2.1 Introduction to tools 
After “travel” out west, the participant arrives at the rim of Grand Canyon. The 
participant is given an unobstructed view of the South Rim of Grand Canyon to instill a 
“sense of being there”, or spatial presence (Schubert, 2003) and aesthetic appeal (van der 
Hoeven Kraft et al., 2011). The participant hears instructions to see what tools their uncle 
Figure 3.3: Opening sequence of the virtual reality geology field experience. The 
participant can view a newsreel of gold found (left), as well as deposits in Grand Canyon 
(right). 
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left in the backpack (L1.M1.O1); this is also supported by the visual instruction “Gaze over 
a tool to learn what it does.” When the participant gazes over each tool, they hear audio of 
Hans, the prospector’s uncle, informing them what each tool does. The purpose of this 
scene is to familiarize the participant with tools that a geologist would typically use, such 
as a hammer (L1.M1.O2), hydrochloric acid (L1.M1.O3), and hand lens(L1.M1.O4), as 
well as how to select the tools by moving their head/headset and pausing over an object 
(Figure 3.4). After a period of time and listening to Hans explain each tool, the participant 
able to advance to the next step by selecting “Continue the quest” with their headset.  
3.5.2.2 Collecting first sample and introduction to journal 
The participant is then encouraged to interact with a rock (“Locate and collect a 
rock sample”) (L1.M1.O5), which triggers another instruction to “Gaze at the journal.” A 
journal appears (L1.M1.O6), from the participant’s miner uncle, and an audio message 
plays stating that the journal contains helpful information about depositional environments 
and gold deposits that the participant/prospector can use to find gold in Grand Canyon 
(Figure 3.5). The participant is then able to advance the experience by gazing over 
“Continue the quest.”  
 
Figure 3.4: Participant's view of Grand Canyon upon arrival (left), as well as the 
arrangement of geologic tools in the experience (right). 
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3.5.2.3 Determining features of first rock 
An audio message plays that encourages the participant to take a closer look at a 
rock sample (L1.M2.O1). The participant performs an acid test (L1.M2.O2) and then uses 
the hand lens (L1.M2.O3) to look at a photomicrograph of the rock to compare to a grain 
size chart (L1.M2.O4) (Figure 3.6). A question about the sediment grain size appears, and 
the participant is given feedback if they answer the question incorrectly. If the participant 
chooses sand, they then have to determine sediment’s roundness (L1.M2.O5) and sorting 
(L1.M2.O6) by comparing the photomicrograph (to rounding and sorting charts below it 
(Figure 3.6).  
 
Figure 3.5: Participants are instructed to locate a rock sample (left) and then gaze at the 
journal (right).  
Figure 3.6: Participants are instructed to use the acid bottle and hand lens, which triggers 
a photomicrograph of sediment grains (left). Participants determine the grain size, and 
then also determine the roundness and sorting (right) of the sediment. 
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An audio message plays that reminds the participant of the sediment properties they have 
already identified. The participant is then able to determine the identity of the rock 
(L1.M2.O7), which is a sandstone.  
3.5.2.4 Applying rock identification procedures to multiple rocks 
After identifying one rock, the 
participant hears an audio message that 
mentions there are many rocks (shale, 
conglomerate, and limestone) around them, 
and all the rocks look different (Figure 3.7). 
The participant is tasked with identifying 
all of the rocks (L1.M3.O1) to see if they 
contain gold. The participant identifies all three rocks and hears the narrator say that the 
rocks have already been looked at by prospectors and the participant needs to find an 
outcrop to see which rock is in place (L1.M3.O2). We placed multiple rocks in the same 
location in the experience to teach students that they need to find a fresh rock sample from 
an outcrop (L1.M3.O2). This exercise is common in geology field experiences and finding 
rocks in place is necessary to create accurate geologic maps.  
3.5.3 Coconino outcrop in Grand Canyon 
3.5.3.1 Taking sample of rock from outcrop in Grand Canyon 
The participant is placed on a narrow trail in Grand Canyon. The participant has a 
close-up view of an outcrop (L2.M1.O1) but can turn around to see stratigraphic layers in 
Figure 3.7: Participants are instructed to 
perform the rock identification procedures 
they have learned on three different rocks. 
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the same valley, as well as an expansive view of Grand Canyon to the opposite site (North 
Rim) (Figure 3.8). The participants are able to see sedimentary structures (cross beds) in 
the outcrop. The participants are tasked with taking a sample from the outcrop (L2.M1.O2). 
A hammer appears, which allows them to sample the outcrop so they can perform the 
identification tasks they have previously learned how to do in the experience.  
3.5.3.2 Identifying rock in Grand Canyon 
The participant then performs tasks they have learned so far in the experience: grain 
size, roundness, and sorting determination (Figure 3.9). They are also tasked with 
identifying the rock (L2.M2.O1). The participant determines that the rock is a sandstone 
(Coconino sandstone featured in outcrop).  
Figure 3.8: View to east (left) of Grand Canyon outcrop and to west (right) of the view of 
valley behind participants. 
Figure 3.9: Participants take sample from outcrop (left) to identify (right). 
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3.5.3.3 Identifying features in outcrop 
After identifying that the rock from the outcrop is sandstone, the participant is 
encouraged to determine what the features are in the outcrop (Figure 3.10). Hans’ journal 
appears, and students are encouraged to check his journal for clues through a visual 
message. When the participant selects the journal, they are able to see the outcrop features 
highlighted (Figure 3.10). The participant advances the experience by selecting “Back,” 
which returns the student to the outcrop and where they can determine what the features 
are (L2.M3.O1). Once the participant selects “Cross beds,” they are able to determine what 
the depositional environment of the sediment in the outcrop is (L2.M3.O2). After selecting 
“desert”, they are able to remove the headset.  
Figure 3.10: Participant consults Uncle Hans' journal (left) and is able to see an outline of 
the features in the outcrop (right). 
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CHAPTER 4:  METHODS 
4.1 Introduction 
4.1.1 Background and study justification 
The research team previously utilized two iterations of trials to assess usability and 
technical aspects of previous versions of the virtual experience. The purpose for the third 
round of trials (Trial 3) was to compare our virtual experience (see Chapter 3: Curriculum 
and Instructional Design) to a classroom experience and a traditional, outdoor field 
experience to determine if students experienced changes in interest in geology after the 
virtual experience that were comparable to either of the typical (classroom or outdoor) 
geology activities.  
4.1.2 Methodologic foundations 
4.1.2.1 Mixed methods 
This study utilizes mixed methods approaches that combine qualitative and 
quantitative data approaches (Creswell & Creswell, 2017). Therefore, this inquiry uses 
pragmatism as the philosophical stance, or a concern with “what works” to answer research 
questions. By taking a pragmatic, or “what works” stance, the researcher has freedom of 
choice to choose the methods, techniques, and procedures that best answer the research 
questions (Creswell & Creswell, 2017). This study uses a concurrent triangulation 
approach, in which the researcher collected quantitative and qualitative data in the same 
phase and the mixing of the data is found in the discussion section. This study gives priority 
(or weight) to the qualitative method in this inquiry (Creswell & Creswell, 2017).  
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4.1.2.2 Multiple case-study methodology 
This study utilized multiple-case study methodology because of the difficulty to 
separate context (experience and location) and the phenomenon (students’ affective 
responses to a geology laboratory experience) (Schwandt, 1996). This work excluded 
phenomenography as a methodological choice because of the difficulty to compare 
variation in students’ affective responses to multiple educational contexts (classroom, 
outdoor, or virtual field experience) (Marton, 1986). A case study is a social science 
research method that previous researchers have used to investigate a contemporary 
phenomenon in depth and in its real-world context (Yin, 2018). A multiple-case study is 
organized and structured around two or more case studies (Yin, 2018). In this work, 
students from each experience serve as members of a specific case. Each case is bound by 
the experience type, which includes a location (classroom laboratory, outdoor field site, or 
virtual experience), as well as by the students’ feelings of the experience. The data for this 
multiple-case study includes survey data from participants, transcripts from participants’ 
interviews, as well as field notes taken during and after the experiences. The researcher 
conducted within-case comparison for geology interest, attitudes, and presence (virtual 
experience) between demographic groups for each case. The researcher compared survey 
and interview responses across the cases (cross-case synthesis) to determine themes from 
students’ affective responses. The semi-structured interview protocol is in Appendix E.  
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4.2 Data Collection 
4.2.1 Research setting 
This study sorted introductory physical geology laboratory students in two 
semesters at a single, large (>15,000 undergraduate enrollment), land grant, very high 
research activity university in the southeastern United States into one of three different 
experiences. The introductory physical geology class serves as a general education science 
credit, an option for natural science credit, as well as a prerequisite for geology and civil 
engineering classes. The lecture and laboratory for this course can be taken separately; 
therefore, some students will have experienced the full range of lecture topics prior to 
taking the lab. The maximum number of students in each lab section is 24. This study uses 
the terms “student” and “participant” and “laboratory” and “lab” synonymously.  
4.3 Quantitative Methods 
The researcher gave each graduate teaching assistant (GTA) a link to an online, pre-
experience survey (Appendix C: Semi-Structured Interview Protocol) to distribute to 
students which included demographic items (age, racial identity, gender identity, etc.), as 
well as items about previous field and virtual reality experiences. A survey item was 
included to ask participants about their previous field experiences in high school because 
of the introductory nature of the college geology laboratory course. The pre-experience 
survey also contained items about the student’s interest in geology, modified from a survey 
by Harackiewicz et al. (2008) who assessed interest in psychology. GTAs distributed the 
pre-experience survey to students two weeks prior to the experiences. 
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The researcher divided three variations of a field experience among 13 sections of 
introductory geology lab in Fall 2018: a simulated field experience in the laboratory 
classroom (3 sections), traditional outdoor field experience (3 sections), and a virtual 
reality “field” experience (7 sections). Summary of activities in the experiences is featured 
in Figure 4.1. The researcher conducted these experiences in the same week at the end of 
the semester with assistance from each section’s GTA and additional support from research 
team members. Due to issues with online survey administration (see this chapter, Survey 
administration issues), the researcher conducted a fourth round of trials during the Spring 
2019 semester with students participating in the outdoor field experience (4 sections) and 
the virtual reality field experience (11 sections). The researcher conducted spring trials 
(Trial 4) in the middle of the Spring 2019 semester after students performed igneous, 
metamorphic, and sedimentary rock identification in their lab classes.  
4.3.1 Classroom experience 
The researcher asked students in the classroom experience to attend their lab class 
in the same location at their regular time. The researcher placed posters of an enlarged 
outcrop in Grand Canyon on the walls of the laboratory classroom (Figure 3.1, p. 60) before 
students arrived. Students completed their pre-laboratory quiz, and the graduate teaching 
assistant (GTA) introduced the experience administrator (Sellers). The researcher 
introduced the learning objectives of the activity, guided students through preparatory 
activities based on geologic laws, and then students started the main classroom activity. 
Students used the enlarged diagrams of the Grand Canyon outcrop to make and record 
observations, use their observations to draw conclusions about the perceived field location, 
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and relate their field experience to regional geologic occurrences. The researcher and the 
GTA were available for the students to ask questions. The students also used their 
observations to determine if any of the units shown in the enlarged outcrop could contain 
gold. The classroom laboratory exercise and objectives can be found in Appendix A: 
Classroom Experience Learning Objectives. 
4.3.2 Outdoor experience 
The researcher asked students in the outdoor experience to meet during their normal 
lab time at the geology museum parking lot on campus. The GTA and researcher gave the 
students an extra 15-minute time allowance so that they could have time to travel to the 
experience location. Students’ GTA administered their pre-lab quiz on picnic tables outside 
the geology museum. The GTA introduced the students to the experience administrator 
(Sellers), and the researcher administered the outdoor experience. The experience 
administrator gave students an instructional packet with an introduction to regional 
geologic context and tectonics. The experience administrator guided students through the 
introduction materials to pair the students’ knowledge of plate tectonics (e.g., divergent 
and convergent plate boundaries) with regional geologic history. The experience 
administrator gave participants a general overview of gold deposition and potential 
locations that they could find gold. The researcher guided the students to a saprolitic biotite 
and hornblende gneiss outcrop (see p. 63, 3.3.2 Classroom experience) where the 
experience administrator instructed them to make observations, sketch and label outcrop 
features and composition, and determine if the rock in the outcrop was suitable for gold 
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deposits. The outdoor laboratory exercise and objectives can be found in Appendix B: 
Outdoor Experience Learning Objectives.  
4.3.3 Virtual experience 
The GTA told participants in the virtual experience to meet in their typical 
laboratory classroom at their usual class time. The GTA gave students their pre-lab quiz 
and introduced the experience administrator (Sellers) to them. The experience 
administrator informed the participants that they would be doing a virtual reality 
experience, and she would lead the participants in groups of 4-8 to the virtual trials room. 
Two other researchers familiar with the virtual experience, a geology professor and a 
geoscience education graduate student, were in the trials room to assist with virtual 
experience administration. The administration team arranged the Google Cardboard VR kit 
in the trials room, which included twenty-eight smartphone-enabled headsets with 
associated chargers and charging stations. The administration team charged the headsets 
prior to each day of virtual trials, and they placed headsets at each seat in the trials rooms. 
Trial 3 featured headsets where participants were encouraged to provide their own 
headphones. The administration team had issues with headphones participants provided, 
specifically error messages on the phones triggered by some headphones, as well as 
students unable to hear through their own headphones. For Trial 4, the trials administration 
team bought their own headphones for the headsets, and the participants and the 
administration team cleaned headphones between each group of participants. 
After the experience administrator brought participants into the trials room, she told 
the participants to look around freely in the experience, listen or look around for 
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instructions in the experience, select objects using the reticle in the headset, and make sure 
they had enough space between themselves and other participants. When participants were 
ready to begin the virtual experience, the experience administrator told the participants to 
put their headphones on to begin the experience. The participants used the 360-degree 
virtual reality field experience to make observations, identify and make hypotheses, and 
relate their conclusions to higher-level concepts. 
The researcher modified the post-experience survey was from three different 
instruments: (1) Attitudes toward Field Trips (Orion & Hofstein, 1991), (2) Interest in 
Psychology (Harackiewicz et al., 2008), and (3) Igroup Presence Questionnaire (Schubert, 
2003). The Attitudes toward Field Trips has five dimensions of field trips: learning tool, 
individualized learning, social aspects, adventure aspects, and environmental aspects. The 
researcher in this study modified the Attitudes toward Field Trips instrument for use with 
virtual field trips, i.e. adding “virtual” before field trip. This study used the Attitudes 
toward Field Trips instrument to separate how the students feel (attitudes) toward the 
experiences from their interest in geology. The researcher modified the Interest in 
360-Degree Virtual 
Experience
• Sample Outcrop
• Determine Grain Size
• Identify Rock
• Determine 
Depositional 
Environment
• Gold?
Classroom Laboratory 
Experience
• Sample "Outcrop"
• Determine Grain Size
• Identify Rock 
• Determine 
Depositional 
Environment
• Relative Age Dating
• Gold?
Outdoor Laboratory 
Experience
• Sample Outcrop
• Identify Minerals
• Identify Rock
• Determine Rock 
Origin
• Tectonic History
• Gold?
Figure 4.1: Summary of learning activities within each experience. 
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Psychology questionnaire for geology, i.e. replacing “psychology” with “geology.” An 
English version of the Igroup Presence Questionnaire uses four constructs in its instrument: 
general presence, spatial presence, involvement, and realness. The post-experience survey 
was used to measure the following constructs (See Appendix E: Post-Intervention Survey): 
demographics (all experiences), attitudes towards field experiences (all experiences), level 
of presence felt in simulation (virtual experience only), and interest in geology (all 
experiences).  
The researcher analyzed preliminary survey data in Microsoft Excel to identify 
participants who exhibited the greatest changes (positive or negative) in interest after the 
experience. The researcher contacted those students about participating in interviews. 
Students in Fall 2018 were incentivized with coffee and doughnuts, and students in Spring 
2019 were incentivized with $15 Amazon gift cards. The researcher conducted interviews 
the following week after the experiences. Due to the timing of the experiences in the fall 
semester (exam week), only two students agreed to be interviewed. The researcher then 
sent emails to students who had slightly lesser changes in interest than the first group 
contacted. In order to have participants from each experience, the researcher contacted all 
participants. Nine students volunteered to be interviewed, which included seven students 
from the virtual experience and two from the classroom experience. No students from the 
outdoor experience volunteered to be interviewed in Fall 2018, so the researcher recruited 
outdoor interview participants from Spring 2019. Interviews ranged in length from fourteen 
to forty-five minutes (see Appendix C: Semi-Structured Interview Protocol).  
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4.4 Quantitative Analysis  
The researcher imported survey response data from Qualtrics to Microsoft Excel. 
The researcher manipulated pre- and post-experience survey responses independently in 
separate Excel worksheets (via two windows simultaneously) to pair pre- and post-
experience survey responses.  
4.4.1 Pre-experience quantitative data 
There were 303 initial responses to the pre-experience survey in Trial 3. Incomplete 
(36), test (5), responses where the participant was not 18 (3), unidentifiable (1), and 
participants missing post-experience responses (10) were removed. There were 293 initial 
responses to the pre-experience survey in Trial 4. Incomplete (29), duplicate (2), and 
participants missing post-experience responses (23) were removed.  
4.4.2 Post-experience quantitative data 
There were 279 initial responses to the post-experience survey in Trial 3, and 301 
initial responses in Trial 4. The researcher removed incomplete (4), test (5), late (3), 
unidentifiable (1), duplicate (2) responses, responses where the participant was not 18 (2), 
responses from participants who experienced cybersickness or phone issues and could not 
finish the virtual experience (12), and responses from participants missing pre-experience 
surveys (73). Some participants used two different email addresses in their pre-/post-
responses, so the researcher added their university email address to their non-university 
email response, and the researcher re-sorted the responses by email. During this time, the 
researcher removed responses without an associated pre- or post-experience response. 
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When the participants had both pre- and post-experience responses, the researcher copied 
the responses into a separate Excel worksheet within the same Excel workbook. The 
researcher removed pre-/post-experience responses where the participant chose the wrong 
experience (8) or did not finish the virtual field experience due to technical or cybersickness 
issues (3). There were 229 complete, paired pre-/post-experience responses from Trial 3 
and 239 complete, paired pre-/post-experience responses from Trial 4. 
After the researcher paired pre-/post-experience responses, data column headings 
were relabeled from Qualtrics automatic question numbers (“Q1”) to descriptive headings 
(“Email”). Spaces in column headings were also replaced with “_” to prepare them for 
export to SPSS. The researcher recoded choice text (“Strongly agree”) using Visual Basic 
for Applications (VBA) to integers for easier computation in SPSS.  
Using Gilbert et al. (2012) and National Science Foundation (NSF) guidelines to 
determine underrepresented groups in STEM fields (NSF, 2017), the researcher recoded 
respondents’ racial/ethnic identities into Asian or White and Underrepresented categories. 
The researcher combined students who identified as gender non-binary with female 
students into a non-male category to remove the potential of identifiability. The researcher 
reclassified students’ majors into science, technology, engineering, and mathematics 
(STEM) and non-STEM categories by comparing each major’s Classification of 
Instructional Programs (CIP) code (Clemson Office of Institutional Effectiveness, 2018) to 
the Science and Engineering Degrees: 2006-2012 report classification (Tables, 2002). The 
researcher classified social sciences (psychology, sociology, philosophy, and 
anthropology) as non-STEM for this study.  
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The researcher averaged individual student responses for all questions in an 
Attitudes subscale (e.g., field trips as learning tool) to determine a students’ score for that 
specific subscale. The researcher then organized individual student subscale scores as a 
function of demographic variables to assess variations of attitudes between groups, for 
example, field trips as a learning tool of different age groups. The researcher calculated 
students’ overall attitudes scores as the mean Attitudes results from items in subscales 
(field trips as learning tool, individual learning, social, adventurous, and environmental 
aspects). The researcher averaged individual student responses for all questions in the 
Presence scale to obtain a Presence mean. The researcher averaged individual student 
responses for all questions in a Presence subscale, e.g. presence as spatial presence, to 
determine a students’ presence mean for that specific subscale.  
4.4.3 Survey administration issues 
The researcher had issues with Trial 3 survey administration. The researcher set 
Qualtrics display logic incorrectly, and three items on the “Attitudes toward Classroom 
Experiences” scale were mistakenly given to the outdoor lab sections. Thus, the researcher 
removed the responses (Classroom_22_2, Classroom_24_1, Classroom_25_1) reported by 
students in the outdoor field experience sections. Nine items on the “Attitudes toward 
Virtual Field Experiences” scale (Virtual_1_1, Virtual_3_1, Virtual_4_4, Virtual_5_1, 
Virtual_7_1, Virtual_8_4, Virtual_9_1, Virtual_10_3, Virtual_11_5) were not available to 
the virtual students because the researcher set the Qualtrics display logic incorrectly. In 
order to have meaningful comparison in students’ attitudes between experiences, the 
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researcher used 9 items from each experience’s survey that all respondents in the three 
experiences answered (see Appendix F: Survey Items).  
The researcher cleaned, paired, and recoded survey responses in Excel and then 
imported them to SPSS for statistical analysis. Data were examined for normality and 
homoscedasticity. Some of the categorical groups (e.g. age groups, gender groups, etc.) 
were non-normal and heteroscedastic with respect to the dependent factors (interest, 
attitudes, presence). Therefore, the researcher conducted nonparametric statistical tests 
with the data. The researcher used a Mann-Whitney U test for variables with two groups 
(e.g., male and nonmale). The researcher used a Kruskal-Wallis H test for variables with 
more than two groups (e.g., college year). The researcher used a Wilcoxon signed-rank test 
to determine interest changes between pre- and post-experience surveys for overall 
experience responses, as well as for groups within demographic categories. The researcher 
calculated effect sizes using the eta-squared statistic for the Mann-Whitney test and the 
Wilcoxon signed-rank test, as well an eta-squared for the Kruskal-Wallis H-test (Fritz, 
Morris, & Richler, 2012; Tomczak & Tomczak, 2014).  
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4.4.4 Confirmation of scales for Introductory Geology 
Harackiewicz et al. (2008) statistically assessed the validity of the initial interest 
scale, which consisted of seven items (α=0.90) and two items from the background 
knowledge scale (α=0.90). The researcher modified this initial interest scale to use as our 
pre-experience survey with introductory geology students (substituting “psychology” for 
“geology”). The researcher removed an item in the scale (Interest_pre_8, 8 items 
remaining) with a very good (Hair, Jr, 2015) remaining alpha (α=0.89). Harackiewicz et 
al. (2008) also used 9 items to track their psychology students’ changes in interest (α=0.95), 
which the researcher used in this work as the post-experience Interest in Geology scale. 
The Interest in Geology (post-experience) scale had an excellent (Hair, Jr, 2015) alpha  
with 9 items (α=0.93). 
 Orion & Hofstein (1994) validated their Attitudes toward Field Trips survey and 
five subscales with high school earth science students in Israel. Their instrument used a 
learning tool aspect with 12 items (α=0.87), individual learning aspect with 3 items 
(α=0.62), social aspect with 8 items (α=0.71), adventure aspect with 4 items (α=0.78), and 
environmental aspect with 6 items (α=0.77). Because of issues with survey administration, 
the researcher could not calculate alphas for the individual learning, social, and 
adventurous subscales within the Attitudes scale for the experiences. Therefore, the 
Attitudes average for each experience was calculated from only learning tool and 
environmental aspect items. The Attitudes toward Classroom Experiences scale had 9 
items with good reliability (α=0.87). The “Learning Tool” aspect had 5 items (α=0.72), the 
“Environmental” aspect had 4 items (α=0.85). The Attitudes toward Outdoor Experiences 
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scale had 9 items with an acceptable reliability (α=0.77). The “Learning Tool” aspect had 
an acceptable reliability (α=0.72), and the “Environmental” aspect was acceptable 
(α=0.71). The Attitudes toward Virtual Experiences scale had 9 items with good reliability 
(α=0.84). The “Learning Tool” aspect had a questionable reliability with 5 items (α=0.69), 
and the “Environmental” aspect had an acceptable reliability with 4 items (α=0.79).  
The researcher validated the Attitudes toward Outdoor Experiences scale with 
students from only Trial 4 with 25 items and had good reliability. The learning tool subscale 
had 12 items with good reliability (α=0.88). The individual learning subscale had 3 items 
with an unacceptable reliability (α=0.54). The social subscale had 3 items with an 
acceptable reliability (α=0.76). The adventurous subscale had 3 items with an acceptable 
reliability (α=0.72). The environmental subscale had 4 items with an acceptable reliability 
(α=0.75). The Attitudes toward Virtual Experiences scale with 25 items was validated with 
students from only Trial 4 and had good reliability (α=0.93). The learning tool subscale 
had 12 items with good reliability (α=0.88). The individual learning subscale had 3 items 
with an unacceptable reliability (α=0.29). The social subscale had 3 items with an 
acceptable reliability (α=0.75). The adventurous subscale had 3 items with an acceptable 
reliability (α=0.68). The environmental subscale had 4 items with a questionable reliability 
(α=0.66). Due to low reliability for the individual learning subscale in both the outdoor and 
virtual experiences from results in Trial 4, the researcher removed the individual learning 
subscale, and new, overall scale reliabilities were calculated. The Attitudes toward Outdoor 
Experiences scale with 22 items after individual learning subscale items were removed had 
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good reliability (α=0.93). The Attitudes toward Virtual Experiences scale with 22 items 
after individual learning subscale items were removed had good reliability (α=0.93).  
 Schubert et al. (2003) validated the Igroup Presence Questionnaire containing 14 
items (α=0.85). Schubert’s spatial presence subscale had 5 items (α=0.80), the Involvement 
subscale had 4 items (α=0.76), and the Realness subscale had 4 items (α=0.68). There was 
also a general presence question (Schubert, Friedmann, & Regenbrecht, 2001). The overall 
Presence scale in our study had 13 items (α=0.85), the Spatial Presence subscale had 5 
items (α=0.74), the Involvement subscale had 4 items with a questionable alpha (α=0.67), 
and the Realness subscale had 3 items (α=0.77). Reliability of the Presence scale for our 
experience was similar, if not better, than reliability found by Schubert et al. for their 
participants (2003). 
4.5 Qualitative Methods2 
4.5.1 Participant selection 
I mixed quantitative and qualitative methods by calculating participants’ change in 
pre- and post-experience interest responses and putting all participants in order by who had 
the greatest positive and negative interest changes. I emailed those participants first and 
only received one student response. I emailed the next group of students (~15) that had 
slightly less positive and negative change in interest and two additional students responded. 
I sent a final email to all experience participants and six remaining participants responded. 
Because the experiences and interviews were conducted around final exam time at the end 
 
2 The “Qualitative Methods” section was written from a first-person perspective because the meaning-making 
process of analyzing qualitative results was largely dependent upon my interpretation of the data.  
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of the fall semester, only nine of the desired twelve participants responded to the interview 
call and scheduled a time to be interviewed. Seven of the participants were from classes 
that completed the virtual experience, and the other two participants completed the 
classroom experience. However, none of the participants in the outdoor field experience 
volunteered to be interviewed. I recruited 3 outdoor experience participants from the Spring 
2019 lab classes, as well as an additional virtual participant (see Table 4.1 for participant 
information).  
4.5.2 Interview description 
I informed the students via email that they would be interviewed for approximately 
thirty minutes. The first nine participants from Fall 2019 were incentivized with coffee and 
donuts, and the Spring semester’s four interview participants were incentivized with $15 
Amazon gift cards. I recorded (audio) the students being interviewed and also took field 
notes during the interviews.  
I interviewed the participants about their attitudes toward the experiences, the 
aspects of the experiences that influenced their level of interest in geology, as well as the 
aspects of the virtual experience that influenced their sense of presence (see Appendix C: 
Semi-Structured Interview Protocol). I planned for 30-minute, semi-structured interviews 
with the participants, but the interviews ranged from 13- to 45-minutes long.  
4.5.3 Interview transcription 
I transcribed the interview audio recordings using Adobe Premiere Pro to add an 
image file (.jpg) to the video, split the video file into clips that were shorter than 15-minutes 
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long, and uploaded the video files to YouTube. The videos were set to private on YouTube 
to maintain IRB requirements, and YouTube’s auto-transcribe feature was used as 
foundation for further transcription (see Appendix G: Transcription Procedure). I deleted 
videos uploaded to YouTube after transcription. I transcribed the interviews and then 
checked them for accuracy by listening to the audio while reading the transcripts.  
4.6 Qualitative Analysis 
I uploaded the completed transcripts to Atlas.ti. qualitative analysis software 
(Atlas.ti, 2019). I added initial, a priori codes to the codebook in Atlas.ti, which included 
aspects of interest theory, such as triggered situational interest, maintained situational 
interest, as well as aspects of presence theory (spatial presence, involvement, and realness). 
I also allowed for emergent codes to arise from the interview transcripts, which included 
codes of participants’ attributes (attribute coding). I noted all additional codes created, 
changes and additions to a priori code names, and other coding choices in an analytical 
memo while coding each participant’s transcript. I added attributes of each participant (why 
they were enrolled in geology, their major, etc.) into an individual description. I also 
included a summary of the participants’ presence aspects, such as spatial presence, 
involvement, and realness from coding in the individual description, as well as a general 
summary of the participants’ account of each experience.  
I created a quotation report in Atlas.ti., and I organized the quotation report by code 
name, code comments (which includes definitions and inclusion/exclusion criteria), 
quotations from the transcript, and any comments about a specific quotation. After I 
finished coding each transcript, the analytical memo, individual summary, and quotation 
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report from one participant were combined into one Microsoft Word document (compiled 
memo). I reviewed the compiled memo with a secondary coder (Wiitablake), and we 
discussed inclusion and exclusion criteria in coding definitions, adding or removing codes 
ascribed to quotations, or any other details that should be added to the memo. We made 
comments about the compiled memo, specifically changes to code definitions, 
inclusion/exclusion of quotations, and addition of details to the analytical memo that arose 
from each meeting. At the end of each meeting, there was complete agreement between 
coders. I made the changes we defined in the analytical meeting and analyzed the next 
participant’s transcript.  
The structure of the first participant’s individual summary was used for the next 
participant’s individual summary. I assigned the participants pseudonyms and analyzed the 
participants’ transcripts in the following order: Opal, Zircon, Quartz, Ruby, Pearl, Topaz, 
Jasper, Onyx, Garnet, Amethyst, Sapphire, Citrine, and Beryl. I wrote a memo after the 
first round of coding that included initial themes, as well as a list of emergent codes added 
after coding began.  
I conducted a second round of coding to improve consistency between emergent 
codes created in the first transcripts and codes that emerged in the subsequently coded 
transcripts, as well as code names between cases. After the second round of coding, I 
created code networks within Atlas.ti (Atlas.ti, 2019), a computer-based qualitative data 
analysis software, for each participant (13 separate code networks). Code networks in 
Atlas.ti allowed me to see each participant’s codes and the relationships between codes. 
Code networks were the foundation for my within-case comparisons. I used Atlas.ti to write 
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the first within-case comparison memos for participants in the classroom and outdoor 
experiences. I used Microsoft Excel in lieu of Atlas.ti. to create the within-case comparison 
between virtual experience participants because it was easier to track 8 participants’ 
attributes and codes using Excel than Atlas.ti. Within-case comparisons listed the 
similarities and differences of the participants within each case, specifically how they 
perceived the classroom, outdoor, and virtual experiences through the lens of their 
attitudes, interest, and sense of presence. I compiled participant descriptions, as well as 
within-case comparisons in the Case Studies chapter. A summary of data collection and 
analysis can be found in Figure 4.2.   
 109 
 
 
Figure 4.2: Sequence of data collection and analysis. Quantitative data collection was 
followed by qualitative data collection in both Trials 3 and 4.  
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4.6.1 Demographics 
There were 467 participants across three experiences, two semesters, and 28 
laboratory sections. Demographic summary of participants from experiences can be found 
in Table 4.1. 
4.6.1.1 Age 
Most participants were the traditional age of 18-19-years-old (n=318, 68%) for an 
introductory geology class. Participants who were 20-21 years old (n=107, 23%) and older 
than 21-years-old (n=42, 9%) comprised the rest of the study.  
4.6.1.2 Gender 
The majority of study participants were male (n=292, 63%).  
4.6.1.3 Race/Ethnicity 
Students who identified as White or Asian (n=405, 87%) comprised most of the 
participants in this study. Students who identified as being Black or African American, or 
of Hispanic, Latino or Spanish Origin were placed into an underrepresented group (n=62, 
13%).   
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Table 4.1: Demographic summary of participants in classroom, outdoor, and virtual 
participants from Fall 2018 and Spring 2019. 
Demographic Category N 
% of Category 
Total 
Age 
18-19 318 68 
20-21 107 23 
>21 42 9 
Gender 
Male 292 87 
Non-Male 175 13 
Race 
White/Asian 405 63 
Underrepresented 62 37 
Major 
Non-STEM 183 39 
STEM 284 61 
College Year 
First year 266 57 
Second year 103 22 
Third year 54 12 
Fourth year 44 9 
Geology Enrollment 
Lecture and lab 429 92 
Lab only 38 8 
Previous Field-High 
School 
Yes 104 22 
No 363 78 
Previous Field-College 
Yes 208 45 
No 259 55 
Previous Virtual 
Reality 
Yes 229 49 
No 238 51 
 Total 467 100 
 109 
 
4.6.1.4 Major 
Most students in this study were STEM majors (n=284, 61%). The most popular 
STEM majors among the participants were civil engineering (n=99, 21%), industrial 
engineering (n=59, 13%), general engineering (n=42, 9%), computer science (n=29, 6%). 
and environmental engineering (n=19, 4%), The most popular non-STEM majors were 
management (n=30, 6%), marketing (n=26, 6%), and financial management (n=23, 5%).  
4.6.1.5 College year 
Most of the participants in this study were first year students (n=266, 57%). Second 
year students (n=103 22%), third year students (n=54, 12%), and fourth year students 
(n=44, 9%) formed the rest of the participants.  
4.6.1.6 Geology enrollment 
Most students in this study were enrolled in both the lecture and laboratory at the 
same time (n=429, 92%). There were only 38 students (8% of total) who had previously 
taken the lecture and were only enrolled in the laboratory class.  
4.6.1.7 Previous field experiences in high school 
Only 22% of participants (n=104) reported that they had previous field experiences 
while in high school. Participants indicated that they had participated in field experiences 
in biology, chemistry, earth science, environmental science, forensic science, and/or 
physics in high school.  
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4.6.1.8 Previous field experiences in college 
Most participants reported that they did not have previous field experiences in 
college (n=259, 55%). Students had previous field experiences in geology class and 
laboratory, forestry and natural resources, civil engineering, and/or biology. Students’ 
other field experiences were in inquiry-based courses, extracurricular activities, education 
classes, and/or engineering classes. Most students with field experiences in college (n=180) 
participated in short class field trips. 
4.6.1.9 Previous virtual reality experiences 
Most students in introductory geology (n=238, 51%) had never used virtual reality. 
Students previously interacted with virtual reality for personal use (n=87), as an arcade 
game (n=49), in a classroom setting (n=14), and as a participant in a research study (n=5). 
The rest of students reported having multiple previous virtual reality experiences (n=74). 
Students reported having done virtual reality once or twice (n=209), approximately once a 
month (n=13), approximately once a week (n=6), and multiple times per week (n=1). 
Students reported that they would be somewhat likely (n=167, 36%) or extremely likely 
(n=18, 8%) to take a class if they knew it included virtual reality, whereas other students 
reported they would be somewhat unlikely (n=32, 7%) or extremely unlikely (n=18, 4%) 
to take a class if they knew it included virtual reality. 
4.7 Quality Considerations 
To minimize quality concerns, parts of the research inquiry were reinforced with 
qualitative quality considerations, as well as mixed methods legitimation considerations.  
 109 
 
4.7.1 Quantitative quality 
Each scale chosen for the quantitative strand of this inquiry has been previously 
validated. The content of the Attitudes of Field Trips survey by Orion and Hofstein (1991) 
was validated by 10 curriculum developers and teachers. Construct validation was 
performed using Principal Factor Analysis with Varimax rotation. Five factors were 
retained that covered 50% of the variance (Orion & Hofstein, 1991). Cronbach’s alpha 
reliability coefficient for the total survey inventory is 0.86 (Orion & Hofstein, 1991). The 
Interest in Geology survey was modified from Harackiewicz, Durik, Barron, et al. (2008), 
in which the authors assessed interest in psychology. Cronbach’s alpha for the initial 
interest survey is 0.90 and the post-experience interest survey is 0.95, indicating good 
internal consistency. The Igroup Presence Questionnaire (Schubert, 2003) was internally 
validated with Principle Components Analysis in which involvement (r=0.53), realism 
(r=0.53), and spatial realism (r=0.40) all correlated considerably. The scales were seen as 
internally consistent due to satisfactory Cronbach’s alphas for involvement (0.74), realism 
(0.63), and spatial awareness (0.78) (Schubert, 2003).  
4.7.2 Qualitative quality 
Qualitative quality concerns were addressed by the Q3 framework of Walther et al., 
(2017), who identified six quality and process considerations: theoretical, procedural, 
communicative, pragmatic, and ethical validation, as well as process reliability. Theoretical 
validation concerns the fit between the social reality under investigation and the theory 
generated. Procedural validation involves features of the research design that inherently 
improve the fit between the reality studied and the theory generated. Communicative 
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validation concerns the integrity of the interlocking processes of social construction with 
the relevant communication communities. Pragmatic validation concerns the compatibility 
of theoretical constructs with empirical reality, which involves identifying constructs and 
assumptions brought to the study. Process reliability concerns the mitigation of random 
influences on the research process. 
This study addressed quality concerns and ways to mitigate the concerns in the 
proposal phase of research and further developed during experience deployment. A quality 
concern was the possibility of technical issues with phones in virtual reality headsets, 
which is a process reliability concern. The research team always prepared to deal with 
technical issues by having at least two researchers in the room with participants. All 
members of the administration team were aware of the flow of the virtual experience and 
could clear pop-up notifications or advance the experience if the participant could not move 
to the next task. Extra headsets were prepped in case the phones started overheating, lost 
internet connection, or their battery died. During the experience, many of these issues 
happened and were dealt with according to plan. However, a “back door” was created 
during the days of administration of the experience so that students could skip the 2-minute 
long introductory scene if they had technical issues (see Chapter 3: Curriculum and 
Instructional Design). Another concern that threatened process reliability was the potential 
for bad weather on the days the outdoor experience was scheduled in both Trials 3 and 4. 
At a meeting with GTAs two weeks before the experience, they were given tentative 
schedules and were asked to be flexible the week of the experiences. Given that they also 
do outdoor labs as part of the typical geology lab curriculum, they were accustomed to 
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being flexible with the weather. Concerns about weather were mitigated by using the 
virtual experience as a contingency, which happened during Trial 4.  
The research team were concerned that students would feel pressured to be in a 
research study during typical lab class and would not be comfortable during any of the 
experiences, which is an ethical validation concern. The students were given information 
about the study prior to the experience, and the researcher who led the experience (Sellers) 
was introduced by the GTA in order to establish rapport. The students were instructed that 
they would participate in the experiences as a substitute for that week’s lab activity, and 
they were told that they were not being graded on the material they learned or applied in 
any of the experiences. They were also not given a pre-lab quiz the week after the 
experiences to reinforce the idea that the experiences would not impact their lab grade.  
Another concern for this inquiry was properly defining the social reality and ensuring that 
a research methodology would allow the researcher to see selected theoretical constructs 
in this social reality, which is a theoretical and procedural validation concern. From interest 
theory, students’ interest is context-specific and is on a continuum from situational to 
individual. Presence is also subjective experience. Because both interest and presence are 
subjective, context-specific constructs, the use of a constructivist lens for the qualitative 
phase of this inquiry is appropriate. The research team also (namely Sellers) had difficulty 
separating the context of whichever experience the participants were in, and the phenomena 
of affective responses to the context. Therefore, multiple-case study methodology was 
chosen because it is appropriate for instances where it is difficult to separate phenomena 
and context (Schwandt, 1996).  
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There was also a concern for this study that the researcher would not be able to 
explain what aspects of each experience related to students’ interest in geology changes, 
attitudes, and sense of presence, which is a theoretical and procedural validation concern. 
Therefore, we designed a semi-structured interview protocol that would align with the 
research questions guiding the inquiry (see Appendix C: Semi-Structured Interview 
Protocol). Interview questions were informed by theory, specifically presence and interest 
theories, so that we could identify specific aspects of the experience that related to students’ 
quantitative responses. Also, interviews were semi-structured so that the interviewer could 
have the flexibility to ask participants to clarify or expand on their opinions of the 
experiences.  
Another concern for this inquiry is that only having one researcher code and analyze 
participants’ transcripts would misrepresent or misinterpret students’ interview responses. 
To mitigate this theoretical, procedural, and communicate quality concern, a secondary 
coder reviewed each participants’ individual summary and codebook with the primary 
researcher, the secondary coder noted changes to the codebook and individual summary, 
and the primary researcher would make edits prior to proceeding to the next transcript.  
In order to explain the relationship between participants’ attitudes, interest in 
geology, and sense of presence (virtual experience) related to the experiences, the primary 
researcher wrote case summaries (see Chapter 5: Multiple-Case Study Qualitative Results) 
with thick, rich descriptions for each case. The primary researcher also included qualitative 
explanation for quantitative attitudes (Chapter 6: Results-Attitudes; Chapter 7: Results-
Interest; Chapter 8: Results-Presence in Virtual Environments). A summative discussion 
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describes the relationship between attitudes toward each experience, interest in geology, as 
well as sense of presence in the virtual experience. The summative discussion also serves 
as the cross-case synthesis for the multiple-case study in this work that presents themes 
that compare the experiences to each other.  
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Table 4.2: Qualitative quality concerns with associated mitigation approach and aspect of Q3 framework that is addressed 
(designated by “X”). 
 
Qualitative quality construct 
Concern(s) Mitigation approach Theoretical 
Validation 
Procedural 
Validation 
Communicative 
Validation 
Pragmatic 
Validation 
Ethical 
Validation 
Process 
Reliability 
Technical issues with phones in 
virtual reality headsets 
Multiple researchers assisted with virtual experience deployment; 
Instructions given to students prior to starting experience 
Backup VR devices ready 
“Back door” created in VR experience during Trial 3 
administration 
     X 
Bad weather on outdoor 
experience days 
Virtual experience designated as the alternative experience 
GTAs emailed schedule of experiences weekend prior 
     X 
Students feeling pressured to be in 
a research study during typical lab 
class 
Consent forms 
Participation credit given 
Students could remove VR headset at any point     X  
Difficulty separating phenomena 
and context  
Multiple-case study chosen as qualitative methodology 
Each case defined by each experience, location, and participants 
Survey responses, interview responses, and field notes used as 
case evidence 
 X     
The researcher not being able to 
explain what aspects of 
experiences caused students’ 
affective responses 
Semi-structured interview protocol 
A priori and emergent coding 
X X     
Researcher 
misrepresenting/misinterpreting 
students’ interview responses 
Analytical memo with experience description, changes to codes, 
and full codebook compiled after coding each participants’ 
transcript 
Analytical memo reviewed with secondary coder 
X X X    
Researcher presenting unclear 
relationship between attitudes, 
presence, and interest 
Researcher will mix results of each observed theoretical construct 
and the relationship between the constructs from each case in a 
summative discussion 
Discussion also serves as cross-case synthesis  
X   X   
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4.7.3 Mixed methods legitimation 
Mixed methods quality is framed by Onwuegbuzie, Johnson, & Collins (2011). The 
authors outlined nine mixed methods legitimation types (Onwuegbuzie et al., 2011). 
Sample integration is the extent to which the relationship between the quantitative and 
qualitative sampling design yields quality meta-inferences. Meta-inferences are inferences 
that stem from both qualitative and quantitative findings and are combined into a coherent 
whole. Inside-outside legitimation is the extent to which the researcher accurately presents 
and appropriately utilizes the insider’s view and the observer’s views for purposes such as 
descriptions and explanation. Weakness minimization is the extent to which the weakness 
from one approach is compensated by the strengths from the other approach. Sequential 
legitimation is the extent to which one has minimized the potential problem wherein the 
meta-inferences could be affected by reversing the sequence of the quantitative and 
qualitative phases. Conversion is the extent to which the quantitizing or qualitizing yields 
quality meta-inferences. Paradigmatic mixing is the extent to which the researcher’s 
epistemological, ontological, axiological, methodological, and rhetorical beliefs that 
underlie the quantitative, qualitative, and mixed validity types are combined or blended, 
yielding high quality meta-inferences. Commensurability is the extent to which the meta-
inferences made reflect a mixed worldview. Multiple validities are the extent to which 
addressing legitimation of the quantitative and qualitative components of the study result 
from the use of quantitative, qualitative, and mixed validity types, yielding high quality 
meta-inferences. Political validation is the extent to which the consumers of mixed methods 
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research value the meta-inferences stemming from both the quantitative and qualitative 
components of a study.  
An inside-outside legitimation strength of this inquiry is the primary researcher is 
a geologist, has previously been a geology lab student, and has taught geology lab classes 
at the same institution where she conducted the experiences. However, she also assumed 
an external researcher role of a person is not involved in the participants’ lab regularly to 
see how they would respond to the experiences. Another inside-outside legitimation 
strength of this inquiry is that we chose appropriate methods, or “what works,” to answer 
the research questions. We used a concurrent triangulation research design so that we could 
have both our outsiders’ views of the experiences from survey data and field notes taken 
during/after each experience, as well as insiders’ views of each experience from interviews. 
The insiders’ views (interviews) were used to explain outsiders’ views (survey data and 
field notes), thus providing inside-outside legitimation. We also report results from 
insiders’ and outsiders’ views in the results chapters (see Chapter 6: Results-Attitudes, 
Chapter 7: Results-Interest, and Chapter 8: Results-Presence) 
We were concerned that we would be unable to recruit interview participants from 
each of the experiences, which is a sample integration concern. In Trial 3, we were not 
able to recruit students from the outdoor experience. To explain the quantitative results 
from the outdoor experience in Trial 3 and to mitigate this sample integration concern, we 
conducted Trial 4 so that we could interview outdoor experience participants.  
A weakness minimization concern of this study is that we wanted to be able to 
explain students’ attitudes and changes in geology interest, as well as their sense of 
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presence in the virtual experience. However, we knew we would be unable to answer 
questions about “why” students felt how they did from survey results alone. Therefore, we 
conducted semi-structured interviews to ask students about specific aspects of the 
experiences and why they felt the way they did.  
A paradigmatic mixing strength of this work is that because the primary researcher 
uses a pragmatic, or “what works,” worldview, the quantitative and qualitative phases of 
research are informed by different epistemological, ontological, and axiological 
perspectives. The quantitative phase of this research is informed by the post-positivist 
paradigm, which asserts that nature can never be fully understood (ontology), nature is 
approximate (epistemology) and statistics are used to make decisions using incomplete 
data, and research can find useful information even if data are incomplete (axiology) 
(Denzin & Lincoln, 2011). The qualitative phase of this research is informed by a 
constructivist worldview, which asserts that realities exist in the form of multiple mental 
constructions (ontology), people construct their own understanding of reality 
(epistemology), and values are personally relative and need to be understood (axiology) 
(Denzin & Lincoln, 2011).  
We used both quantitative quality measures (see 4.7.1 Quantitative quality) and 
qualitative quality measures (4.7.2 Qualitative quality) in the design and implementations 
stages of this research to satisfy multiple validity concerns. 
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Table 4.3: Summary of strengths and concerns for the mixed methods quality in this research, as well as mitigation approaches. 
  Mixed methods legitimation types 
Strength/Concern (C) 
Mitigation approach 
(concerns only) 
Sample 
integration 
Inside-
outside 
Weakness-
minimization 
Sequential Conversion Paradigmatic 
mixing 
Commensurability Multiple 
validities 
Primary researcher is a geologist, 
has previously taught labs at this 
institution. 
  X       
Choosing appropriate methods to 
answer research questions. 
  X       
Including outsiders’ views 
(survey responses, field notes) 
with insiders’ views. 
  X       
Qualitative participants are not 
representative of each case (C). 
Added Trial 4 to recruit 
outdoor experience 
participants 
X        
Explaining students’ attitudes, 
changes in geology interest, and 
sense of presence. 
Semi-structured interviews   X      
Using both post-positivist and 
constructivist worldviews for 
difference research phases 
      X   
Ensuring quality from 
quantitative and qualitative data 
streams. 
Calculated alphas, effect 
sizes; used Q3 framework for 
qualitative collection and 
analysis 
       X 
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CHAPTER 5:  MULTIPLE-CASE STUDY QUALITATIVE RESULTS 
5.1 Overview 
In this chapter, I present results of my coding and analytical processes. I initially 
(1) coded each transcript with a priori and emergent codes and (2) crafted an ongoing 
memo that contained new codes, code name changes, and code definitions, (3) wrote an 
individual summary about a participant’s attributes and my preliminary assessment of their 
levels of interest, their attitudes, and aspects of the virtual experience that facilitated a sense 
of presence. I then (4) discussed code definitions and inclusion/exclusion criteria with a 
secondary coder in an analytical meeting and made (5) changes suggested by either of us 
during the analytical meeting. I then (6) coded the next participant’s transcript. I initially 
coded virtual experience participants and when I coded a participant from a different 
experience, I maintained the same code-naming conventions to simplify cross-case 
synthesis. After 13 transcripts were coded and reviewed with a secondary coder, I (7) 
conducted a second round of coding to improve consistency between the initial transcripts 
coded and later transcripts to ensure inclusion/exclusion criteria were maintained and initial 
quotations were coded appropriately for the later, evolved code definitions. After the 
second round of coding, I (8) created code networks for each participant in Atlas.ti. (Atlas.ti 
Scientific Software Development GmBH, 2019). Code networks allowed me to see how 
codes were related to each other for each participant.  
In this chapter, I present each experience (classroom, outdoor, or virtual) as a case, 
and present organizational themes that arose from emergent and a priori coding to compare 
the participants within each case. The main data sources for the case study are interview 
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transcripts and survey results, and I supported case descriptions by field notes that I 
recorded during and after each laboratory section ended. I conducted the classroom 
experience in the participants’ regular lab classroom (see Chapter 4: Methods, p. 79). I 
conducted the outdoor experience at an outcrop on campus. Students waited in their lab 
classroom to take part in the virtual experience, and I took students to either an adjacent 
lab classroom or a conference room for the virtual experience. I sent a link to the pre-
intervention survey to the GTAs two weeks before the week of interventions so they could 
distribute the survey to their students; the students could complete the survey on either their 
cell phone or on a computer. The GTA sent classroom participants the survey link after we 
completed the experience in their lab classroom. The GTA sent the outdoor participants 
the survey link as we were leaving the outcrop, and the students completed the survey in 
the staging area. The GTA sent the virtual participants the post-intervention survey link 
when they returned to their classroom after completing their virtual experience.  
5.2 Researcher Positionality 
I am a geologist who, from both geoscience education research and personal 
experience, knows that geologic field experiences are important for geology students’ 
cognitive and affective gains. I also know that geologic field experiences are important 
avenues that allow students to integrate into the culture of geology. However, I 
acknowledge that traditional geologic field experiences are often time- and cost-intensive, 
are logistically challenging, and are often prohibitive to geology programs in urban areas 
and to people who are not able-bodied. Therefore, I value finding alternatives to traditional 
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geology field experiences that provide students the same benefits but without the cost and 
exclusionary connotations that we associate with them.  
5.3 Qualitative Case Descriptions 
5.3.1 Classroom experience 
5.3.1.1 Case overview 
The classroom experience began after students arrived in class, and their graduate 
teaching assistant (GTA) administered their pre-lab quiz. After the students completed their 
pre-lab quiz and their GTA reviewed quiz questions, the GTA introduced me to the class. 
I explained that I am a graduate student at their institution and am conducting research for 
my dissertation. I asked the students if they had any questions before we began the activity.  
I gave lab students an instructional packet (see Appendix A: Classroom Experience 
Learning Objectives) with background information to start the activity, as well as activities 
to encourage students to think about fundamental geologic laws (Law of Superposition, 
Rule of Cross-Cutting Relationships, etc.) during the experience. I encouraged the students 
to interact with me by answering and asking questions. I gave students instructions on 
potential locations where they could find gold, such as in veins, around intrusive rocks, or 
in placer deposits in streams. I directed students to the posters on the walls (prepared 
specifically for this experience) showing an outcrop that simulated a section of stratigraphy 
in Grand Canyon. I labeled each unit in the outcrop (A, B, C, D), which corresponded to 
labeled rocks on their lab benches. I instructed students to identify the rocks on their lab 
benches as well as determine sediment maturity (rounding, sorting, grain size) in the rocks 
on the table. I encouraged students to think about the depositional environment of the 
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sediment in each layer of rock, as well as the change in depositional environment over time. 
Therefore, the students also had to figure out the order of deposition of the layers in the 
outcrop.  
Students were initially confused about the experience because they had not 
identified rocks in lab since the beginning of the semester. Once they rock identification, 
the students were unsure how they could relate sediment properties to its depositional 
environment. During this time, the GTA and I answered questions, addressed 
misconceptions, and encouraged students to think critically about relating their 
observations of their rocks with the geologic history at the outcrop. A misconception some 
students had was that the rapids under the outcrop on the poster was grass because the 
rapids were a green color. There was also significant propagation of answers from one 
person in a group to the rest of the people at the lab table down the row to the rest of the 
students. During the experience, I noticed one student who received “answers” in a text 
message from a student in an earlier lab about the order of deposition and cross cutting. At 
the end of the classroom experience, the students and I discussed everything they had 
learned about this location. The participants turned in their completed instructional packets. 
The classroom experience took about an hour to complete. I interviewed two participants 
(out of 63participants) from the classroom experience: Ruby and Jasper.  
5.3.1.2 Ruby 
Ruby identifies as a White, non-male, second-year computer science student who 
is enrolled in both introductory geology lecture and lab classes (see Table 5.1 for all 
participants’ attributes). Ruby had significant previous interest in geology prior to enrolling 
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in geology lecture and lab. She was exposed to prominent geology in her home area, 
Alberta, Canada, near the Athabasca Tar Sands, an economic petroleum deposit (Camp, 
1976). She noted that her friends’ parents were geologists who worked on tar sand oil 
recovery. Ruby had a rock collection growing up, mentioned that she actively sought to 
identify the rocks in her collection when she was younger, and describes geology as her 
“secret thing.” Ruby has emerging individual interest (Hidi & Renninger, 2006) from her 
previous engagement with geology. However, Ruby also has significant interest in her 
major, computer science. When I asked her how she became interested in computer 
science, she replied:  
Ruby: “Yeah, we just got lucky. We had, like, one teacher who, like, knew 
stuff about it so, like, they offered the class, and I just kind of took it because 
I was like, “Oh big nerd” [VS: laughing, inaudible mumbling] and so that’ll 
line-up with me. Yeah, so now I’m here.” 
Ruby’s exposure to computer science while in high school and her subsequent choice to 
major in computer science highlights the importance of giving students access to a variety 
of STEM classes in high school. Ruby displays some key indicators of how students enter 
the geoscience pipeline (Levine et al., 2007), such as collecting rocks (Houlton, 2010), 
local geology (Houlton, 2010), and geoscience awareness (Levine et al., 2007). Ruby 
decided that she would take geology in lieu of biology or chemistry because she perceived 
both other sciences to be more difficult and computationally intensive than geology. She 
also stated that her previous interest in geology was a factor in deciding how she would 
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fulfill her natural science requirement, another common way students enter into the 
geology pipeline (Houlton, 2010). Ruby mentioned that she enjoyed most lecture topics 
except for fossil fuels because the topic was “number-based.”  
I asked Ruby to describe the classroom experience, and she stated that it was an 
effective learning tool for her because it combined aspects of lecture instruction, such as 
students having information presented to them by an instructor, and application, which 
reminded her of typical lab activities:  
Ruby: “Okay. It worked really well for me because, like, that’s exactly how 
I learn, so instead it was, like, a combination of, like, lecture and, like, 
application from what I remember. [VS: Okay] It was, like, you were given 
information, but, like, you were also given background information that you 
would learn previously on the topic [VS: I, at least, tried to.] Yeah, 
that's…that's helped me, like, visualize, like, how these things actually 
work, which, like, I know was the goal to, like, give, like, an actual field 
experience, or, like, you know, the illusion of one.” 
Ruby mentioned that the experience was effective because it helped her visualize 
how the concepts I presented at the beginning of the experience (geologic laws, see , p. 17) 
worked with rock identification that she had done previously in lab. When I asked Ruby 
about what she learned during the classroom experience, she said that the classroom 
experience was the first time she thought about the depositional environment of sediments 
in rocks and directly apply that knowledge. Ruby made it clear that while students may 
 119 
 
evaluate the grain size of rocks in geology lab courses, GTAs did not given them an 
opportunity to apply that knowledge to a real purpose or context:  
Ruby: “I really learned…[VS: if you learned anything] I think…I think it 
made it more clear how you could tell what kind of environment it was 
previously just based on the rock layers, which I thought was pretty 
interesting. That's mostly what I learned, that it was, like…like any, any old 
person could just do it, like, with, like, cursory geology knowledge. So that's 
what I thought it was really interesting, like, I never really thought about 
that ‘cause I was thinking “Oh, it’s, like, all just the fossils. How are you 
gonna, like, identify those fossils?” but, like, you can really just tell from, 
like, the types of rock that are there.” 
As a former geology lab instructor at the same institution the students attend, I confirm that 
students often complete labs as disparate activities, and there is minimal carryover of 
concepts from one lab to the next; students rarely synthesize multiple concepts in geology 
lab. Also, students do not have to take a cumulative final in geology lab at this institution, 
so GTAs do not encourage them to retain knowledge/skills they learned in the first part of 
the semester for the remainder of the semester. Ruby further stated that the classroom 
experience helped simulate a real field experience and she is more likely to think about the 
geology around her because of the classroom experience:  
VS: “So, because of the classroom experience, like, the actual activity that 
we did, are you more likely to think about the geology around you?” 
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Ruby: “Yeah, I think so. Especially just, like, with, like, the added part of, 
like, actually looking at an environment [VS: mm-hmm] because, like, that 
was sort of a new thing.”  
However, Ruby was not surprised by the classroom experience, and remarked that the 
classroom experience was more structured and guided than a regular lab experience and 
was similar to her high school lab experiences:  
Ruby: “I mean, like, it just felt like a classroom experience to me. I guess 
more just, like, that it was very guided. [VS: okay] Like, I felt like I was 
back in sort of, like, a high school sort of environment, not like in a bad 
way, just like that it was more guided and, like, structured [VS: okay] than 
like a college lab experience, [VS: okay] which I was really into. 
That’s…way more into the high school learning environment, but…”  
While Ruby stated that she enjoyed the structure of the classroom experience, she 
suggested that I let students do more synthesis by themselves. From my memo after the 
experience, I noted that students were more focused on getting the right answers (even 
though there were no grades assigned for the exercise) than thinking about the geologic 
history and changes in depositional environments. I was concerned during the classroom 
experience that students were sharing answers about the experience, even though Ruby 
mentioned that it felt structured and guided. When I asked Ruby about classmates sharing 
answers, she got the sense that a student in a group or at a table would figure something 
out, and then share that knowledge with the rest of the students at their tables in the lab 
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classroom. Ruby said this propagation of knowledge from one student to another typically 
happens in lab, and that it is a normal part of the geology lab experience.  
Ruby said that nothing particularly surprised her about the classroom experience. 
Ruby said that it felt like a more in-depth lab than what she would normally do in lab, but 
it still felt like a regular lab activity. Ruby valued being able to apply the geology 
knowledge and skills she learned in geology lab to a real-life, “simulated” field experience, 
and the additional value from the classroom experience triggered situational interest. 
Ruby’s triggered situational interest based on the classroom experience, as well as her 
emerging individual interest from her experiences prior to enrolling in undergraduate 
geology lecture and lab, has led her to consider becoming a geology minor. She also noted 
that a minor in another science field would help her be more competitive in the job market 
than other computer science students.  
5.3.1.3 Jasper 
Jasper identifies as White, male, second year psychology major enrolled in both 
introductory geology lecture and lab classes. Jasper is a psychology major but only after 
leaving engineering and was unable to enroll as a communications major. He originally 
chose to be an engineering major because his dad and uncle are engineers. Jasper has not 
yet taken a psychology class and does not appear to be in interested in psychology. Jasper 
enrolled in geology lecture and lab because he needed to fulfill a science requirement, and 
he knew that introductory geology lab did not have lab reports. Jasper had no prior interest 
in studying geology; however, he did mention he would consider geology as a major 
because he is from the country and enjoys nature and being outside. He noted that he grew 
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up on the state’s fall line (boundary between upland region and coastal plain) and knew 
that the soil on the ground surface changed noticeably from one location to another in his 
home area. Jasper mentioned that he enjoyed learning about natural features in geology 
lecture and how they relate to him and other people:  
VS: “So, what parts of geology class, like the lecture, have you liked so 
far?” 
Jasper: “I mean…I think it’s cool just to learn about the natural features and, 
like, how they relate to us…and why they’re important to us.” 
Jasper values learning about geology and how geology impacts humans. Valuing a subject 
or concept is considered an intermediate objective in Krathwohl’s affective taxonomy 
(2002); therefore, Jasper has triggered situational interest (Hidi & Renninger, 2006) from 
geology lecture. Jasper further noted that his favorite topics in geology lecture were fossil 
fuels and alternative energy resources, stating “that’s the future.” When I asked Jasper 
about his favorite lab experiences, he replied “they’re all, like, good.” He also mentioned 
he did not get bored with rock identification, a common “least favorite” among 
introductory geology lab students:  
VS: “Did you get bored with rock ID?” 
J: “Not really. I liked it because I could walk down, like, the street or 
something or around my house and find a rock and go “Oh, that’s so and 
so…” 
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Jasper valued learning a geology skill (rock identification) and being able to apply that skill 
in everyday life, further evidence of triggered situational interest (Hidi & Renninger, 
2006) in geology from lab. He contrasted the lab with lecture, stating that the lab’s hands-
on nature and class culture is more engaging than lecture:  
Jasper: “Actually, the lab’s probably way better than lecture. I like the lab a 
lot more just because you’re hands-on and you're like a smaller of class size, 
so like the TA is able to help you a lot if you need it, and then like you have 
a partner, which helps, and the activities are cool and fun.” 
Jasper thought he was going to do the virtual reality experience, and not the classroom 
experience, and implied that it was disappointing that there were posters on the walls when 
they walked into the classroom and not virtual reality headsets. Jasper enjoyed that the 
experience provided an application for the knowledge and skills he has learned in lecture 
and lab: 
Jasper: “I would say that I’ve learned like how to use what I've learned in 
geology and in geology lab and then use it in the real world, so like use- 
taking it…and then taking that knowledge out in the real world because it's 
one thing like just to sit, like, in the lab and, like, in the lecture and like learn 
about, like, the vocabulary or like see an example on the board, but then 
actually have to like use the theories and what you've learned to identify 
something out in the real world.” 
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Therefore, Jasper experienced triggered situational interest due to his positive attitudes 
toward the experience and his perceived value of how the experience helped him apply 
geology in a real-life context. However, Jasper pointed out that the experience was 
challenging for him and his classmates:  
Jasper: “I would say the concepts just because like I would be like…like 
when you were trying to help me and like my group…I don’t know if you 
remember this but like, [00:12:30] you would ask us questions, and like we 
just completely didn't know the answers. And so, like that's…I guess it's just 
one thing we struggled with. Like, we just don't… we didn't remember it.” 
Jasper also mentioned that the participants were not aware of concepts, such as depositional 
environments, prior to the classroom experience so that may have been a source of only 
moderately positive student attitudes (see 6.2.1 Trial 3 quantitative results). However, 
Jasper thought the experience was interesting because it allowed him and his classmates to 
apply what they have learned in previous labs:  
Jasper: “But, it was a good experience. It was definitely different than 
everything we've done because everything we do is like hands on [mm-
hmm] and that's more like you have to, like, just use, like, [00:07:00] your 
knowledge of like previous labs to do it.” 
Jasper suggested using images of a geologic landmark near his school so that he could visit 
in real life if he wanted to:  
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Jasper: “It probably would’ve been…I mean that was a cool, like, area but 
it probably would have been cooler if you would have had, like, if you 
would’ve had, like, a place, like, closer, like, here. Like, I know that place, 
but like somewhere like iconic near here where like I could go visit like in 
real life and say like “Whoa, that's…that's how that got there.”” 
Jasper’s suggestion to feature a local geologic landmark instead of an outcrop in Grand 
Canyon was intriguing because he desired to learn more about the local geology, and the 
outcrop in Grand Canyon did not seem as interesting because he could interact with it 
locally. Further, I think that his suggestion of using a local geologic landmark could help 
students’ feel a greater sense of place (Semken & Freeman, 2008) during the classroom 
experience, as well as help them learn more about the local geology surrounding their 
university, which could trigger further geology interest. Jasper illustrates that requiring 
students to identify rocks late in the semester (at least 8 weeks since they completed rock 
identification) could hamper students’ positive attitudes toward the experience.  
5.3.1.4 Classroom Experience: Within-Case Comparison 
I used organizational themes derived from a priori and emergent codes to compare 
Ruby and Jasper’s geology interest and experiences before the classroom experience, their 
attitudes during the classroom experience, and my interpretation of their changes in interest 
after the classroom experience.  
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Interest in geology prior to lecture and lab 
Ruby had emerging individual interest from where she grew up (Alberta, 
Canada), being around professional geologists, as well as having a rock collection. Jasper 
grew up in the country in the southern region of the United States and enjoys being 
outdoors. Jasper did not express explicit interest in geology like Ruby, but he was able to 
talk about surficial geology in his home area.  
Participant attributes 
Ruby and Jasper had the same lecturer and GTA. Ruby and Jasper had different 
majors and reasons for choosing their majors. Ruby planned to go into computer science 
because became interested in it in high school; Jasper was an engineering major because 
his dad and uncle are engineers. Jasper attempted to switch to communications but could 
not get into the program, and he then switched to psychology. Unlike Ruby, Jasper did not 
display any interest in any of his major choices.  
Both Ruby and Jasper enrolled in introductory geology because they needed a 
general education natural science credit, and they considered geology to be less rigorous 
than other science classes. Jasper knew the lab did not have lab reports, and Ruby was 
already interested in geology concepts and implied that geology was easier for her than 
biology or chemistry.  
Interest in geology from lecture and lab 
This theme includes a comparison of Ruby and Jasper’s interest in geology topics 
from lecture and lab, prior to the classroom experience. Jasper was interested in geologic 
features and why they are important to humans, specifically how energy resources will be 
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relevant to humans in the future. Ruby’s interest in geology lecture and lab was similar to 
her geology interest prior to taking the course: minerals and earth history. Ruby’s geology 
interest was on individual topics, whereas Jasper’s geology interest focused on aspects that 
had personal and social relevance.  
Attitudes of classroom experience 
Both participants enjoyed the classroom experience. Ruby and Jasper conveyed a 
preference for application of knowledge and hands-on learning; they valued the classroom 
experience because it was hands-on, and they could use the geology skills they learned in 
lab to determine parts of a location’s geologic history. Jasper was excited because he could 
apply his geology knowledge to a real place (Grand Canyon), and Ruby enjoyed that was 
able to link her existing rock identification knowledge with how sediment in the rocks was 
deposited (depositional environment) at a location.  
Both Ruby and Jasper described difficulties their classmates had with the classroom 
experience. Jasper and his group had issues with the experience and specifically mentioned 
that I asked his group questions that they had no idea how to answer, whereas Ruby did 
not have issues with the experience content and saw other people at her table having issues 
in answering the questions. Both students mentioned that nothing surprised them about the 
experience; however, Jasper implied that the classroom experience was disappointing 
because he assumed that he was going to do the virtual experience. Ruby and Jasper both 
made suggestions about how to improve the classroom experience: Ruby suggested that I 
lead the experience less and encourage students to “figure it out for themselves,” whereas 
Jasper wanted to change the outcrop the students were “examining” to a geologic landmark 
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closer to his university, instead of Grand Canyon, so that he could visit the location 
independently and be able to know more about it.  
Interest in geology after experience 
The classroom experience triggered situational interest in geology in Ruby and 
Jasper because they valued that the experience helped them apply their knowledge in a 
real-life context. However, the outcrop location did not increase interest in geology. Ruby 
planned to take another geology course (earth history) after physical geology, whereas 
Jasper does not intend to take more geology courses. Further, Ruby’s intention to take more 
geology classes is related to her emerging individual interest in geology.  
5.3.2 Outdoor experience 
5.3.2.1 Case overview 
I sent instructions to each GTA the weekend prior to the outdoor experience for 
them to distribute to students, encouraging students to bring shoes that they could get wet, 
clothes they could get muddy, and enough layers of clothing to be comfortable standing 
outside in cold weather for an hour. I gave the students a fifteen-minute allowance to arrive 
at the location of the outdoor experience on campus, setting up a staging area around picnic 
tables. Similar to the classroom experience, the GTAs gave the students a pre-lab quiz, 
reviewed quiz questions and introduced me to the students. I explained to them that I was 
conducting dissertation research and briefly described the outdoor experience to them. 
The GTA and I handed out instructional packets to the students, and I encouraged 
the students to be interactive with me through answering and asking questions. We began 
the experience by discussing the geologic history of the region using a series of diagrams. 
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I instructed the students to think about the tectonic setting, the types of rock that were likely 
to result from tectonic movement, as well as the meaning of cross-cutting relationships in 
outcrops. The students and I talked through definitions of concepts pertinent to the 
experience that I thought they would not have seen previously (e.g., outcrop, scale, 
saprolite). Also, I gave students instructions about potential places to locate gold, such as 
in veins, around intrusive rocks, or in placer deposits in streams.  
After the initial introduction to the activity, the students followed me and the GTA 
to the outcrop located within one hundred meters of the staging area down a trail. The 
students stood in a cluster on the stream bank adjacent to the outcrop while I was standing 
in the stream beside the outcrop. I asked the students to discuss what they were seeing in 
the outcrop (saprolitic biotite gneiss with hornblende gneiss boudins), how many different 
(original) rock types there were in the outcrop, as well as the main mineral in each type of 
rock. I also instructed the students to sketch features they saw in the outcrop, such as 
different rock types, foliation, and other features, as well as provide scale, direction of 
view, and a sketch title. The students were initially confused as to what they were supposed 
to be looking for in the outcrop and what they were supposed to draw. We discussed the 
two types of rock there were in the outcrop and why there were two (different-colored 
rocks). The students were also reluctant to cross the stream and get closer to the rock due 
to chilly weather and stream temperatures, but also because many students did not bring 
waterproof boots or appropriate footwear.  
I passed around samples of biotite gneiss and hornblende gneiss, as well as 
monomineralic samples of biotite and hornblende because I thought that the saprolitic 
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nature of the outcrop would confuse students as they tried to identify rocks within it. I told 
the students that the weathered rocks in the outcrop were metamorphic, and they should 
think about types of metamorphic rocks. I also provided a handout to help students identify 
and properly name the rocks in the outcrop. Once the students had properly identified both 
types of rocks as gneiss and differentiated them by the dominant mafic mineral (biotite or 
hornblende), I told the students to think about why there were two types of rocks within 
the same location. I hinted that the rocks were originally igneous and encouraged the 
students to think about the igneous rocks they identified earlier in the semester.  
The students and I related their observations to the regional geology we discussed 
in the staging area to determine that granite intruded into basalt before compression by 
continental-continental collision from the formation of Pangea. Throughout the experience, 
however, I got the sense that a couple of students would figure out a critical component of 
the experience (e.g., identify rocks) and share it with the people around them that may not 
have arrived at the same conclusion. After the students asked any remaining questions 
about the experience and what they needed to include in their observations and conclusions, 
the GTA and I followed them back to the staging area where they completed the post-
intervention survey on their phones. There were three participants (out of 114 participants) 
who I interviewed from the outdoor experience, all from Spring 2019: Amethyst, Sapphire, 
and Citrine.  
5.3.2.2 Amethyst 
Amethyst identifies as a White, non-male, second year civil engineering student 
(see Table 5.1 for all participants’ attributes). Amethyst is a native of the same state where 
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I conducted trials, and she mentioned that she is from a small town. Amethyst enrolled in 
introductory geology as a requirement for civil engineering. Amethyst took introductory 
geology lecture in Fall 2018 and enrolled in introductory geology lab the next semester. 
Amethyst initially thought geology was going to be easy and implied that it did not seem 
meaningful prior to taking the lecture class; however, her lecture professor’s enthusiasm 
and emphasis on the value of geology helped her understand the value of learning about 
geology:  
Amethyst: “It’s so funny how excited she would get, but it made it really 
interesting for the course, and she liked to help out her students. She wasn't 
just teaching just to teach, like she actually wanted us to understand the 
importance of geology. So, that’s mostly the thing that I liked. But, knowing 
like the different, like types of rocks and where they come from, and the 
different things that happen, like, in the Earth to make those rocks. I didn’t 
realize how important that was until I took the class.” 
Amethyst’s professor’s enthusiasm helped her have greater appreciation and understanding 
of rocks than she had prior to taking geology lecture. An increase in value of an object or 
context is considered an affective gain (Krathwohl, 2002) and Amethyst’s lecture professor  
helped trigger her situational interest in geology (Hidi & Renninger, 2006). When I asked 
Amethyst about her favorite parts of geology lab, she replied that the outdoor experience 
was her favorite one:  
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Amethyst: “The lab? I liked…well, honestly the [outdoor experience] lab 
was my favorite one because we actually, like, and then whenever we go 
outside, I like it more because I feel like I'm actually, like, learning the 
material because, like, with the rock box, it's like they make it so that we 
can identify those rocks. But whenever we went outside, [00:10:00] 
whenever we went outside, those rocks are just sitting there, like…we had 
to determine…I don’t know. I don’t know if I’m making any sense or not. 
But, going outside is fun.” 
Amethyst enjoyed the outdoor experience because she was able to go outside; this aligns 
with her desire to do construction management outside in an active setting. Amethyst also 
contrasted the outdoor experience with other rock identification exercises from her geology 
lab, implying that it was challenging and more engaging to identify rocks outside in the 
outcrop than in a rock box. Amethyst stated that the outdoor experience was a good learning 
activity, and she was enthusiastic to share what she learned with other people:  
VS: “What’d you think about like learning the geologic history of this area 
and being able to, like, make some, like, grander conclusions from, like, one 
outcrop?” 
Amethyst: “That was pretty cool. Instead of, like, just looking at a rock and 
being like, “Oh, yeah, a rock” like, you understand, like, the value of that 
rock, I guess. [VS: Mm-hmm] Like, what it went through to get it, and why 
it's, like, historical, instead of just, like, “Okay, (inaudible) sparkles on the 
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bottom. It’s cool.” Like, ‘cause I mean, whenever people go they’re just 
like, “Oh yeah, pretty” but then, like, I…I can go there, I can go to that place 
and be like, “Listen, this thing formed [00:14:30] this way” and then 
everybody’s like, “Oh my gosh” and I’d be like, “Yeah, it’s cool, isn’t it?”” 
She said that if not for me asking the students questions and having them draw their own 
conclusions that the students would not have known how to complete the activity: 
Amethyst: “Well, if you would have sent us out there, and like, not giving 
us some hints or asking us questions to come to the conclusions, I would 
have been completely lost. Like, you first told us to draw in the structure in 
and…” 
Her suggestion to make the experience better was for me was to make sure all the students 
interact with the rocks that I was describing:  
Amethyst: “I wouldn’t think a longer intro- but maybe make people…like, 
because we were all standing…like, you were, like, in like the little 
water…creek thing [VS: mm-hmm], and we were all standing, like, on the 
outside. Maybe, like, to make sure everybody…make them, like, go in like 
with you and look up close at the rocks and…” 
Amethyst stated multiple times that she prefers applying knowledge, whether it be doing 
equations or identifying rocks.  
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Amethyst: “I liked, yeah, your lab. I liked… [00:23:00] But me personally, 
I don't really learn something until, like, I go out and, like, do it. I’ll just 
read about something, then it doesn't stick with me [VS: yeah]. But I'll 
remember like going out and actually, like, doing something and working 
with it. (inaudible) It’s just me. It helps me remember.”  
Amethyst mentioned that she would try to apply what she learned in geology lab to a 
situation, if necessary: 
Amethyst: “Like in everyday? [VS: mm-hmm] Like, just walking around? 
Yeah, probably. I’d probably see a rock and, like, try to figure it out, and 
[VS: I seent it] I’d probably be dead wrong. I took one semester of 
introductory geology, and I’m a genius.” 
Amethyst’s experiences in geology lecture, specifically the influence of her professor, were 
responsible for triggering situational interest in geology, mostly because of how excited 
and passionate her professor was about it. Amethyst also exhibited triggered situational 
interest in geology because she enjoyed the hands-on, active nature of the experience, 
increased appreciation and understanding of geologic processes that created the outcrop, 
and the interaction between me and the students that helped them understand the experience 
where they would have otherwise been confused. She also related personal relevance that 
understanding geology (from lecture and the outdoor experience) will help in her future 
career as a civil engineer.  
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5.3.2.3 Sapphire 
Sapphire identifies as a White, non-male, first year computer science student. 
Sapphire is dissatisfied with her computer science major and stated that her future in 
computer science seems boring and bleak; she desires a future career that is more ‘hands-
on:”  
Sapphire: “I actually don't like my computer science major, so I've been 
looking at different… [both laughing] different majors and minors and stuff, 
and geology was one of the things I was looking at.” 
Sapphire was interested in a lot of the topics in lecture, including how rocks form and 
Earth's surficial processes:  
Sapphire: “I don’t know. Everything in the class is just interesting to me, 
and it’s easy for me to understand. Like, last year I was in biology, and I 
had seen everything that we learned about in biology before. It was just 
presented in, like, a much more in-depth way, and the geology is still, like, 
it’s still in-depth but it’s new so, like, I’m just taking everything in, and it’s 
interesting.” 
Sapphire also enjoyed labs she had completed prior to the outdoor experience, such as rock 
and mineral identification and learning about earthquakes waves. Further, Sapphire felt 
that she is more curious about the geology around her because of lecture and lab. Therefore, 
Sapphire has triggered situational interest in geology from lecture topics and lab 
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activities, as well as from her own developing curiosity about geology (Hidi & Renninger, 
2006). Sapphire enjoyed the outdoor experience, especially being able to identify and 
observe the outcrop in a hands-on way: 
Sapphire: “…so it was all kind of a new concept to me. Well, not new 
concept, but, like, new…I'm like a hands-on learner, so it was very, like, 
beneficial to help me like see, actually see what you're talking about by the 
rocks.” 
Sapphire mentioned that the experience helped her visualize geology, as opposed to doing 
a similar exercise on paper:  
Sapphire: “Outcrop? [VS: Yeah] When we were actually at the outcrop, that 
was the…I think that was the most interesting part for me because it was 
like something that I could actually see instead of, like, looking at a paper.” 
Sapphire mentioned that the only thing she did not enjoy about the experience was that the 
walkways on the way to the outcrop were slippery and that she almost fell. In the past, 
ablebodiedness and physicality were necessary aspects of a geology field experience. In 
recent decades, there has been a push by geoscience educators to adapt field experiences 
that include everybody and are not limited to people who are able-bodied (Cooke et al., 
1997; Gilley et al., 2015). While slippery walkways may seem an unavoidable aspect of 
outdoor experiences, this may be a limiting factor for students who have physical 
disabilities, and a virtue of virtual experiences that do not require ablebodiedness. When 
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asked what could improve the outdoor experience, Sapphire suggested encouraging 
students to get closer to the rocks.  
VS: What could have made that better?  
Sapphire: [Long pause] Maybe, like, getting closer to, like, the actual rock. 
I know there was a lot of…there were some…most people wouldn't want to 
do that if they didn’t have the right shoes, but I probably would have 
liked…to like gotten closer to like actually look [VS: okay] and see the 
differences is better because I…poor eyesight. 
Sapphire was under the impression that the she should not get close to the outcrop. 
However, that may have been because I was standing in the stream next to the outcrop and 
directing students’ attention to various outcrop features. While I did not explicitly say that 
students should not look at the outcrop, in the future I will make it clear that students should 
all look for themselves at the outcrop. The students’ reluctance to look at the outcrop is 
related to a couple of issues, such as the fact that I was “leading” their experience and they 
did not know me prior to the experience, as well as the fact that most students were wearing 
footwear that were not appropriate to step up to their ankles in water. Sapphire also 
suggested that I should explain in more detail what I want students to draw or sketch:  
Sapphire: [Pause] I know for me, at first, I didn't know like what I was 
looking for [VS: okay] when I was drawing the picture, so maybe explaining 
more in depth like what you're looking at to draw or to sketch out.  
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While I gave students a list of things they could label at the outcrop, the students had issues 
relating what they had learned about structural geology and what they were seeing in the 
outcrop. Being able to differentiate important parts of an outcrop (faults, fractures, folds, 
bedding) from trivial aspects (staining, rocks out of place, vegetation) is called signal-
noise-disembedding (Reynolds, 2012) and is a crucial spatial cognitive skill that geologists 
develop. It may have been premature to expect students to be able to identify these aspects 
of geology at the outcrop. However, they now have a basis for being able to identify key 
parts of an outcrop (signal) from aspects that are not related (noise).  
Sapphire stated that because of the outdoor experience, she is more likely to think 
about the geology in the area when she goes hiking:  
VS: “Okay. Because of, like, the, like, actually being able to look at an 
outcrop and maybe knowing a little bit more about the geology in this area, 
or do you think you're…I don't know if you're our hiking or something, do 
you think you're more likely to think about, like, what type of rock you're 
dealing with, or what type of geology is in the area?” 
Sapphire: “Definitely. I go…I actually hike fairly often.” 
Because Sapphire does not enjoy her computer science major, she was actively trying to 
figure out a new major. I asked Sapphire if she would consider being a geologist based on 
the outdoor experience:  
VS: “Because of that type of activity, would you be interested in being a 
geologist?” 
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Sapphire: “Mm-hmm. Yeah, I would. The…it…those types of activities, 
like, I feel like getting more insight into what it would actually be like 
instead of, like, just reading about what it would be like. So that would def- 
definitely cause me to look more into it.” 
Overall, Sapphire has triggered situational interest in geology because of lecture and her 
lab experiences. Sapphire mentioned that the outdoor experience provided a hands-on 
activity that she prefers to learn only through reading. Further, Sapphire stated that she is 
more likely to think about the geology around her and is considering becoming a geology 
major because of the experience. Therefore, Sapphire has triggered situational interest 
in geology.  
5.3.2.4 Citrine 
Citrine identifies as a White, non-male, second year, chemistry student. Citrine’s 
parents love the mountains and as a result, she has always enjoyed seeing “big, giant rocks.” 
Citrine collected rocks as a kid, which is considered an early indicator of entering the 
geoscience pipeline (Houlton, 2010). However, Citrine majored in chemistry because she 
became interested in it in high school and currently enjoys it because it seems like a big 
puzzle. Citrine enrolled in geology lecture and lab because she had to take a science 
requirement and was more interested in geology than biology or computer science. 
Students taking geology to fulfill a general education science requirement is another 
indicator of entering the geoscience pipeline (Houlton, 2010). Citrine has enjoyed learning 
about volcanoes in lecture and has enjoyed her geology labs to date because they have 
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walked around campus and identified rocks used in masonry. Citrine explained that 
walking around campus was “the most interesting part, but it's also, like, really hard 
because it never looks like the perfect little rocks we have in our boxes.” Citrine’s previous 
lab experiences helped her establish that there are nuances and variations in rock 
classification and that not all rocks of a type look the same. Citrine noted that she did not 
enjoy learning about earthquakes, and she prefers geology lab to lecture because she is 
“hands-on” (self-styled) and can see features as her GTA describes them to her. Therefore, 
Citrine has triggered situational interest from lab. Citrine enjoyed the outdoor experience 
because it was “hands-on” and provided an opportunity for her to make connections 
between concepts she learned in lab and lecture:  
Citrine: I don't know. I guess, like, the hands-on activity was what I had 
been hoping for. I think maybe like getting outside more and, like, 
[00:18:00] teaching by, like, asking questions and, like, forcing us to make 
connections makes us learn things rather than, like, memorize them [VS: 
mmm]. Because I find, like, a lot of the times in, like, geology lecture, I’m 
just, like, memorizing things, then it gets to the exam and I’m like, “Oh, I 
guess that's how those are though,” like, same thing, how they’re connected. 
I guess just geology lab in general, like, going outside was really nice [VS: 
okay] ‘cause it was, like, we're not in this, like, stuffy little room with, like, 
these really horrible knives, like, scratching minerals and stuff. 
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Citrine acknowledged the difficulty (e.g. “forcing us”) of making connections between 
rock identification and geologic history; however, she preferred this to simply memorizing 
information from lecture. Further, Citrine enjoyed the outdoor experience because she is a 
native of the same area as her university:  
Citrine: “Yeah, so I've, like, grown up coming to the [local park] in [town 
name], and I never knew that was over there. I’ve never been in the [local 
science center] or anything, so I guess I just really loved finding out it was 
there. [VS: Yeah] But I think it was interesting because I've always found 
[name of region] kind of boring, like, I don't think we have any, like, I don’t 
know how to put it.” 
Citrine liked the experience because the outdoor experience helped her link recently 
acquired knowledge about geology to the region where she is from and the university that 
she attends; she also implied that the experience helped her realize that the area is more 
geologically interesting than she ever considered it to be. Given Citrine’s preference for 
exposed geology (e.g. “big, giant rocks”) and her parents’ preference for visiting 
mountainous areas, it is not surprising that she does not find her home region geologically 
interesting with its rolling hills and poorly exposed rocks. Citrine related the outdoor 
experience with the previous rock identification labs:  
Citrine: I also found it really interesting because it just, kind of like, it was 
so different from lab. I guess like I was saying earlier, like actually going 
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out and seeing it, and it's, like, full size. It's like, “Well, like, it's not just, 
like, these tiny little rocks that I'm holding in it.” It was really intriguing.” 
Citrine acknowledged that the outdoor experience helped her establish a real-life context 
for what they were learning in lab and helped her add complexity to what she already knows 
of rocks. When I asked Citrine about what she did not enjoy during the outdoor experience, 
she mentioned walking on the slippery, muddy trail to the outcrop and being afraid that she 
was going to fall. She also mentioned that it was “awkward” to stand in a creek with her 
class because none of them knew what they were doing. Citrine noted that sketching the 
outcrop was confusing because she did not know what to draw and was not confident in 
her drawing abilities. As a geology student and multiple-times instructor of field geology 
courses, I attest to Citrine’s uncertainty of not knowing what to draw and more importantly, 
what to label. Separating important elements of an outcrop from trivial elements is known 
as signal-noise disembedding (Reynolds, 2012) and is a critical spatial cognitive skill that 
geologists develop. However, it is widespread practice for geology instructors to have 
students (“novices”) draw and label outcrop aspects they think are important and then an 
instructor discusses the outcrop with the group and clarifies what they (the “expert”) think 
is important.  
Citrine made a couple of suggestions to improve the lab, such as providing rock 
names that they would see in the outcrop. Citrine also suggested adding more time at the 
end of the experience for discussion:  
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Citrine: “I guess maybe the only thing was, like, maybe, like, wrapping it 
up because, like, I felt like when we went back to lab [VS: mm-hmm] with 
the [GTA], like, we talked about it then [VS: mm-hmm], but maybe, like, 
talking about it, like, when we were walking back or something.” 
From my field notes, I spent 15 minutes asking and answering questions so students could 
synthesize the regional geologic history with the rocks they identified. However, future 
trials should endeavor to provide more thorough explanation of the geologic history and 
observable outcrop features. 
When I asked Citrine if she would consider getting a minor in geology or switching 
from chemistry, she stated that she prefers to stay as a chemistry major. However, she 
mentioned that because of the outdoor experience, she is interested in learning more about 
the geology around her university:  
Citrine: I think I understand a little bit more, but it made me want to learn a 
lot more [VS: okay]. Like, now I kind of, like, want to go out and learn 
about, at [university], everything. I'm like, “Well, I've lived here, and I don't 
know what's going on.” 
The outdoor experience helped Citrine value the geology in her home region, as well as 
provided a hands-on activity so she could have context for the geology that she was 
learning in lecture and lab; therefore, Citrine has triggered situational interest in geology 
from the outdoor experience.  
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5.3.2.5 Outdoor Experience: Within-Case Comparison 
Interest in geology prior to lecture and lab 
All three participants took geology to fulfill a general education science 
requirement, whereas Citrine specifically chose geology over biology or computer science 
because she had a rock collection as a kid, her dad took geology at the same institution, 
and she thought geology was more interesting than her other options.  
Participant attributes 
All three participants from the outdoor experience were non-male, STEM majors, 
and are natives of same state as the outdoor experience field location. Sapphire and Citrine 
had the same introductory geology professor, and all three participants had the same GTA, 
which is not surprising since I administered the outdoor experience in four sections on the 
same day with a GTA having two sections each. Amethyst and Citrine, both second year 
students, had significant interest in their respective majors, civil engineering and chemistry, 
whereas Sapphire does not like computer science and thinks that her future career seems 
bleak.  
Interest in geology from lecture and lab 
All three participants had triggered situational interest in geology from lecture or 
lab. Amethyst had already taken lecture at the time of the outdoor experience, so instead 
of a specific topic, she stated that her instructor taught her the value of geology and its 
importance. Because Sapphire and Citrine only had four weeks of geology lecture before 
their experience, they stated that they enjoyed learning about earth processes (specifically 
volcanoes and earthquakes) in lecture and doing the rock identification labs so far.  
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Attitudes of classroom experience 
All three participants enjoyed the experience. Citrine also mentioned how different 
the outdoor experience was from typical lab activities because what she connected what 
she learned about rocks to a location, which represented the concepts she learned in class, 
but on a larger scale. Citrine found value in the outdoor experience as a learning tool 
because she is a native of the region around the field site. Citrine enjoyed the introduction 
and explanatory diagrams of the experience. All three participants liked that they could 
directly observe concepts that they had learned in lecture and lab at the field site. Citrine 
enjoyed the experience because I allowed the students to create their own connections 
between concepts instead of simply lecturing about them. Amethyst, Sapphire, and Citrine 
were all confused about what to sketch and label during the activity. Amethyst thought that 
without my introduction and explanation of the activity, she would not have known what 
to do in the experience. Sapphire also thought that I explained everything well to the class.  
Amethyst and Citrine noted suggestions that may have made the learning 
experience more effective, such as encouraging all the students to inspect the outcrop 
closely. Amethyst and Citrine also insisted that their GTA did not notify them about proper 
footwear. Citrine noted that she was concerned about how slippery and muddy the path to 
the field site was. These aspects could have negatively impacted other students' feelings 
about the outdoor experience.  
Interest in geology after experience 
This experience triggered situational interest in geology in Amethyst, Sapphire, and 
Citrine because of the location (proximity to campus and within their home state), as well 
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as the hands-on, easily observable nature of the experience. While Amethyst and Citrine 
enjoyed the hands-on, applicable nature of the outdoor experience, they both had a greater 
interest for their own majors than for geology. Sapphire, however, might be considering 
switching to geology because it aligns more with her interest in hands-on learning than her 
current major (computer science).  
5.3.3 Virtual experience 
5.3.3.1 Case overview 
A full description of activities within the virtual experience is in 3.5 Grand Canyon 
Virtual Reality Geology Field Experience. A full description of activities within the virtual 
experience is in Chapter 3: Curriculum and Instructional Design. GTAs instructed their 
students to attend lab at their regular lab time and location. The GTA administered their 
pre-lab quiz at the start of class, reviewed their pre-lab quiz and then introduced me to the 
students. I described the purpose of my research, as well as a brief description of the virtual 
experience. I led the students in groups of four to eight, depending on lab size, to either a 
lab classroom or a conference room to begin their virtual reality trial. I told other students 
to use the time while they were waiting to study or complete other tasks.  
I gave the students instructions on what to do when they started the virtual 
experience, such as use the White circle (reticle) to select objects, to listen and watch for 
directions, as well as letting either me or one of the other VRFE research team members 
present know if they had any issues. I instructed the students to begin the experience when 
they were ready by closing their headsets, putting on their headphones, and making sure 
they had enough room to move around. During and after the virtual experiences, I made 
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field notes about participants’ posture, issues, or cybersickness symptoms in case these 
problems impacted their attitudes of the virtual experience. I made notes about posture 
because the headsets we used did not have straps, and participants were changing their 
posture to hold up the headset over the length of the experience.  
For the Fall 2018 trials, half of students reported issues with pop-up screens, 
experiences becoming stuck or frozen, not being able to advance the experience, or not 
being able to hear the instructions in the headphones; the research team fixed the majority 
of these issues by the end of the Fall 2018 trials and were not as prevalent in Spring 2019 
trials. I added a question in their post-intervention survey (see Methods) that would allow 
students to indicate if they were not able to finish their experience because of technical 
issues.  
After the first couple of minutes in the virtual experience, I noticed that the majority 
of participants were not holding the headsets normally, but they were sitting back in their 
chairs and using one hand, using the table to prop their hands up with, or splaying or 
crouching their arms to stabilize the headset. The postures the students were exhibiting 
were due to a lack of straps on the headset, as well as the length of the virtual experience I 
noticed some students taking the headset off and rubbing their eyes, adjusting their eyes, 
or blinking heavily. These were the first signs of cybersickness that intensified in some 
students later in the experience, such as feeling dizzy, having a hot face, or feeling 
nauseated. Experience administrators told the students who reported signs of cybersickness 
that they could stop the experience if they wanted, and we encouraged them to sit with their 
hands on a flat surface and to get water if they wanted. The experience was thirteen- to 
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twenty-five minutes-long and varied on how many rocks the participants identified. After 
participants in each group finished the experience, I escorted them back to the geology lab 
classroom where I told them to complete the post-intervention survey and could leave when 
they completed it. I gathered groups of students from the lab classroom until all the 
participants had completed the experience.  
I interviewed eight participants (out of 290 participants) from the virtual 
experience: Opal, Zircon, Quartz, Pearl, Onyx, Topaz, and Garnet from the Fall 2018 trials, 
and Beryl from the Spring 2019 trials.  
5.3.3.2 Opal 
Opal identifies as a White, non-male, first year geology student (see Table 5.1 for 
all participants’ attributes). Opal’s interest in geology started because she enjoyed visiting 
the mountains, was interested in rocks, and being outdoors. Opal’s mom did an internet 
search for careers for “outdoorsy” people and led Opal to be a geology major. Notably, 
Opal is the only geology major from all my participants. Opal has maintained situational 
interest because of her previous interest in geology-related activities and her decision to 
be a geology major. Opal enjoyed learning about tectonics, volcanoes, earthquake waves, 
and energy resources in lecture. However, Opal did not enjoy learning about ocean 
processes or hydrology. Opal enjoyed identifying rocks in lab but did not enjoy the lab that 
utilized topographic maps because it was chaotic. Therefore, Opal has maintained 
situational interest in geology because she has enjoyed topics from lecture and lab. Opal 
had never done VR prior to the virtual experience. Opal enjoyed that the prospector 
narrative helped provide direction in the experience:  
 149 
 
Opal: “I think that it was very, very cool especially that it made it kind of 
like a story. I think that was close, so it gave it an objective instead of just 
kind of being like vague that you're looking at the Grand Canyon, so that 
was cool.” 
When asked about what aspects of the virtual experience seemed realistic, Opal replied:  
Opal: “Especially the background. It was very, very good, like the…the 
Grand Canyon itself, the imagery was like…it was awesome. I was very 
impressed by that…” 
Opal had positive feelings toward the realistic background, and sense of realness is an 
aspect of presence (Schubert, 2003; Schubert et al., 2001). Opal also mentioned that 
moving her head matched the movement in the VR headset: 
Opal: “And then the actual, like, pictures itself were also very good, and I 
was surprised by how well, like, moving with it was …it was…it adapted 
very, very well [VS: Okay] so that was good.” 
Mismatches between observed and expected sensory signals have been found to cause 
cybersickness (Weech, Kenny, & Barnett-Cowan, 2019). However, Opal thought that the 
virtual experience matched what she expected it to do. Since she did not have prior VR 
experience, she expected images in the headset to appear similar to reality. Therefore, the 
virtual experience was faithful enough to reality for Opal, a VR novice, to not discern any 
differences between the virtual experience and reality. This may explain that when I asked 
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if she experience any dizziness or nausea (cybersickness symptoms) associated with the 
experience, she replied, “Nope.” However, Opal did not think the rocks laying on the 
ground were realistic, and she had issues performing grain size and rounding tests in the 
experience:  
Opal: “Up close, the rocks themselves when you were looking at them, [VS: 
okay] they were more like cartoony or whatever… and I think that the 
exercises themselves were very cool. I was just not very good at them 
because I couldn't …it’s…I couldn't tell like what exactly each little…” 
The research team can fix size and clarity of grain size, sorting, and roundness charts for 
future trials. When I asked Opal what other parts of the virtual experience she enjoyed, she 
mentioned: 
Opal: “I think that being able to, like, just the whole 3, like, D…not 3D but 
360. Being able to like move all around and have things around you were 
[sic] very cool.”  
Opal enjoyed that she felt surrounded by the experience. Therefore, Opal enjoyed that she 
experienced spatial presence, or a sense of being in the virtual experience (Schubert, 2003; 
Schubert et al., 2001). However, Opal thought that her view of Grand Canyon in the headset 
was wider than what a typical person’s view would be:  
Opal: “Or it’s almost bigger than you would expect it to be. Like, it’s not 
how…it almost feels like your eyes are way bigger, so like you’re seeing 
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everything to be a little bit smaller, or like your…like the presence of the 
viewer is a little bit bigger than an actual human would be…” 
Given that Opal was the only virtual participant who had previously visited Grand Canyon, 
it is not surprising that she found differences between the virtual experience and her trip in 
real life. Opal did not indicate that she liked or disliked that the view of Grand Canyon 
seemed different in real life, and I do not know how Opal’s wider perceived view impacted 
her sense of presence in the virtual experience; this is a future research consideration. The 
experience gave her a concrete example of what geology is and how “doing” geology 
looks: 
Opal: “I think that it kept it still, like I'm very interested in geology to begin 
with, so I think it just may get me like another level of seeing how 
interesting and like real the things are. It connected me more to it being an 
actual thing in the Earth rather than something I'm learning right now.” 
Opal referred to the virtual experience as a way of applying the information she learned 
about depositional environments to a real context. The virtual experience made Opal 
excited for future geology field experiences because this virtual experience allowed her the 
ability to use tools to perform geologic tests. However, Opal suggested adding more scenes 
to the experience to make it more interesting:   
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Opal: “I think that my biggest suggestion would be, the exercises 
themselves, make it…themselves….make it a little bit more, like, 
distinguishable between each thing.” 
Opal’s suggestion of making more scenes could improve sense of presence by keeping 
participants engaged longer, helping them think the experience is bigger, and would be an 
opportunity to add geology tasks. However, the headsets limited the length of the 
experience because they did not have straps, and thus, we could not make the experience 
longer than it was. This is a consideration for future trials.  
Opal had maintained situational interest in geology prior to enrolling in lecture 
and lab due to her interest in being outdoors and rocks that lead her to becoming a geology 
major, Opal learned more about geology in lecture and lab, and she became interested in a 
variety of geology topics; therefore, Opal has maintained situational interest in geology 
from lecture and lab. The virtual experience afforded Opal a narrative to explore parts of 
Grand Canyon, as well as giving her a real-life application for knowledge and processes 
she learned in lecture and lab. Therefore, Opal has triggered situational interest from the 
virtual experience but maintained situational interest in geology, overall.  
5.3.3.3 Zircon 
Zircon identifies as an African American and White, male, first year civil 
engineering student. Zircon mentioned abundant prior experience with video games and 
virtual reality, so most of his comments were comparing our virtual field experience with 
those prior experiences. Zircon is a "gamer" in that he mentions the design of game 
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consoles and controls by Nintendo and has his own preferences for what a game or virtual 
reality experience should be. Zircon had maintained situational interest in geology prior 
to introductory geology lecture and lab because his father is a professional geologist; he 
enrolled in geology lecture and lab because it is a prerequisite for his major. Zircon 
maintained situational interest in geology in a variety of lecture topics, such as coastal 
geology and climate change. Zircon was particularly interested in the aspects of geology 
that will help him with his major (civil engineering), which is why he enjoyed the 
topographic maps exercise in geology lab. Therefore, has emerging individual interest in 
civil engineering.  
Because of Zircon’s extensive video game and virtual reality experience, he 
provided crucial feedback about multiple aspects of the experience. Zircon thought that the 
theatre scene was the most realistic of the whole experience. Zircon did not think the rest 
of the virtual experience was realistic because he could perceive the two-dimensional (2D) 
photograph projected as the 3D photosphere (Google Streetview panorama) during the 
experience: 
Zircon: “I kind of saw through it and noticed that it was Google Maps, 
which I have used before a lot, so it was interesting that it used that and not 
just pictures so…This really reminds me of pictures, but at least you can 
move around to see different photographs that are taken, so it was an 
interesting take.” 
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Zircon had a diminished sense of presence because of reduced sense of realness in the 
environment. Zircon also mentioned he would prefer for the virtual experience to be a 3D 
experience:  
Zircon: “Because that was…that is, admittedly, staggered. So, it…it makes 
you feel like you're stuck in a little place, you can’t move forward 
so…that’s…that’s what I what I would go try to go for, a more 3D 
approach.” 
Zircon felt he was stationary in the experience even though he could look in all directions; 
he also implied that the experience did not simulate movement from scene to scene well 
enough. While Zircon had a sense of spatial presence by being able to look around, having 
the ability to move in the experience might provide a stronger sense of presence in the 
environment. This is another avenue of future research. Further, Zircon mentioned, “At 
first, it was difficult to understand what was going on.” Future development of the virtual 
experience can improve visual and audio directions so that participants understand what 
they need to do and where to look.  
Zircon mentioned that he enjoyed doing grain size analysis in the virtual experience 
because it was more engaging than doing it in real life. When I asked Zircon if he had any 
symptoms of cybersickness, he replied “slight dizziness.” It is important to note that Zircon 
suggested having controls that would allow participants to interact with objects in the 
experience:  
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Zircon: “Not really sure, but if anything, I would…trying to, like, if 
possible, then I would get the sticks that you’re supposed to use, and use 
those to, like, select certain things then maybe to pick up objects, and then 
do this…do that sort of thing. If you know…there are simulators of, like, 
interacting with objects for, like, game purposes…” 
A desire to interact with objects using hand-controls may help participants feel more 
autonomy or agency in the virtual environment and could lead to an increase in positive 
feelings in a virtual experience and sense of presence as involvement. This is another 
implication for future research, such as using the HTC Vive (HTC, 2016) in trials.  
Ultimately, Zircon said that he would prefer to do a real-life geology field 
experience over a virtual experience, but he could see the value of virtual field experiences 
as a tool in civil engineering:  
Zircon: “…there is a computer system that basically allows you to make 
your own bridge, and it’ll tell you the cost, and I could see some of that 
being worked into VR so that, like, you pick up, or you pick up or select 
certain things, and then you're able to like build a bridge, or lay out a certain 
roadway, or analyze the map.” 
Zircon has maintained situational interest in geology due to significant prior interest as 
well as many lecture topics and labs that he enjoyed while enrolled in introductory geology. 
However, the virtual experience did not impact Zircon’s interest in geology.   
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5.3.3.4 Quartz 
Quartz is a White, male, first year computer science student. Quartz kept a rock 
collection as a child (as did his mother) and had a friend growing up who was interested in 
geology. Therefore, Quartz had triggered situational interest in geology prior to enrolling 
in lecture and lab. Quartz saw the value of experiencing a variety of science disciplines, so 
he decided to take a geology course to fulfill a science requirement for his major. Quartz 
has enjoyed learning about rock types, glaciers, and deserts in geology lecture. Quartz has 
enjoyed rock identification in lab and wonders if he will be able to apply that knowledge 
to rocks in real life. Quartz had triggered situational interest in geology from lecture and 
lab.  
Quartz had significant gaming experience, as well as some previous virtual reality 
experience before participating in the virtual experience. Quartz discussed aspects of video 
games that he preferred:  
Quartz: “I guess, but I've never…I'm never that picky about graphics in any 
form, really, unless it, like, hinders my experience, which is kind of rare, 
but I mean, it happens I suppose.” 
Quartz is not concerned with graphics quality in video games. Therefore, Quartz may be 
more inclined to prefer other aspects of the virtual experience, such as effective controls, 
tracking, and lag. Quartz enjoyed the theatre scene in the experience, as well as questions, 
narrative, and audio instructions throughout:  
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Quartz: “The questions looked pretty good. The information was nice. I 
mean, I liked the acting with the voices and stuff, and where it opened in 
the theatre was kind of funny because you're looking…’cause you're in a 
3D world, but you're looking at a flat screen in a 3D world. You’re in a 
theatre and then you get out of the theatre and it’s…it’s kind of…kind of 
funny. I thought it was kind of unique for an experience, to begin with.” 
Quartz seemed amused by features within the virtual experience. Quartz perceived that the 
virtual experience was a series of 3D locations or "rooms." However, he noted that the 
rooms themselves seemed big, like there were enough objects to give spatial perspective 
to make it seem realistically big:  
Quartz: “Okay. So, yeah, I mean it felt big because there was a lot of contrast 
with the depth, like you'd have a lot of things that were close to you and 
then you can turn around and there’d be a really, really wide expanse 
because you're at the canyon, you know…” 
Quartz felt the experience gave him a sense of spatial presence by having objects that 
varied in their perceived distance from the participant. Quartz thought that the background 
in the virtual experience seemed realistic (presence as realness), but he also thought that 
the research team did not fully integrate assets and questions into the experience and 
seemed unrealistic: 
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Quartz: “Oh yeah. So, of course those assets the…just the tools and stuff 
didn't seem…I mean. they seemed kind of, you know, placed there. If an 
expert had done it, I’m sure they…it could have been way better, but so, 
that seemed unrealistic of course, and it…I guess you could say that the 
messages in the middle of the sky were a bit weird, or inconsistent because 
sometimes they were on rocks and stuff, and sometimes they're actually 
harder to see because they're on rocks or because they blend in 
background.” 
Quartz suggests increasing consistency of instruction and asset placement in the 
experience, which is important feedback for future trials. Quartz enjoyed that he could look 
anywhere in the experience, which provided him with a sense of autonomy:  
Quartz: “I felt like I had a lot of options, like what I felt like…I had a lot of 
autonomy, like, with what I could look at. [VS: Okay] Especially when it 
was being driven, like the scene with the movie theater in the beginning 
while it was moving forward, you know? Almost like if I was on a train or 
something, that scenery was changing ‘cause I’m on a moving train, and I 
could look around or whatever. I could choose what to look at. It felt like 
that, so it was really good.” 
Quartz thought that the navigation in the experience was laggy; he suggested adding a 
button instead of relying on the reticle to select objects and answers to questions. Quartz 
may have bumped into somebody during the experience, which could have reduced his 
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sense of involvement in the virtual environment. Quartz mentioned that virtual experiences 
would be effective as a learning tool: 
Quartz: “But virtual field experiences could be very helpful for learning 
purposes, like if there was some, I don’t know, some special rock formation 
out in China…but it would be really fun for that person to be able to learn 
using a virtual experience about this rock formation would be able to see it 
in the 3D way, and maybe…maybe you get to…get the idea in a way that 
doesn't involve spending millions of dollars, thousands on it.” 
Quartz mentioned a hypothetical VR experience, like visiting Grand Canyon in VR, that 
the research team could use as a geology learning tool. Quartz mentioned that an affordance 
of virtual reality is that VR allows people to “visit” places that would typically be expensive 
to travel to or might have difficulty accessing. However, Quartz was adamant that the 
virtual experience could never substitute for a real-life field experience because it would 
reduce firsthand exploration:  
Quartz: “How it would compare? Well, a virtual experience would have to 
be created by someone, [VS: mm-hmm] so anything that you could learn 
from the virtual experience would have to be known by someone who 
created it, and so you can, not that a lot of you make super new discoveries 
or anything, but if you're going out and you're take….collecting samples for 
like new data to make new discoveries, you couldn't exactly do that with 
virtual experience.” 
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Quartz felt that a virtual experience would be an abstract interpretation of a traditional field 
experience with only the level of discovery that a developer designed. Quartz is correct, 
and this is a drawback of virtual experiences. When I asked if the virtual experience 
impacted his opinion of geology, Quartz replied:  
Quartz: [Pause] It probably didn't affect my opinion of geology too heavily. 
[VS: Okay]. It just…I mean…it was a relatively small experience, [VS: 
mm-hmm] but I mean it probably conspires to few ideas…a few 
affirmations. So, it probably had a positive impact on my view of geology. 
I mean…yeah.  
While Quartz acknowledged that the virtual experience was small and did not strongly 
impact his opinion of geology, he did acknowledge that it had a positive impact of his 
opinion of geology. When I asked Quartz about uses for VR, he replied:  
Quartz: “I want to create a game in virtual reality, but I wouldn't…but I 
would honestly also be interested in thinking of a way to create a virtual 3D 
experience that teaches someone about coding.”  
Quartz could see VR used to teach other people an important aspect of computer science.  
Quartz had triggered situational interest in geology prior to lecture and lab because he 
and his mom both kept rock collections, as well as having a friend who was interested in 
geology which led him to enroll. Quartz also had triggered situational interest in geology 
from topics lecture and lab activities he enjoyed and triggered situational interest in 
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geology from the virtual experience. Moreover, Quartz planned to take another geology 
course after lecture and lab. Overall, Quartz has maintained situational interest in 
geology.  
5.3.3.5 Pearl 
Pearl identifies as an African American, non-male, first year management student. 
Pearl enrolled in geology lecture and lab to fulfill a general education requirement. Pearl 
talked about how geology lecture seemed boring, and the only interesting topic so far has 
been hydrology because is from Florida. Therefore, Pearl has triggered situational 
interest in geology because she learned more about her home area because of geology 
lecture. Pearl had never used virtual reality before she participated in the virtual experience. 
When I asked Pearl about what parts of the experience seemed realistic, she said:  
Pearl: “I think…looking out into the Grand Canyon, the visual aspect was 
really…realistic because the quality was pretty good where like if I had 
looked in the distance [00:10:30], and I feel like if I could step further, I 
would fall. I felt like I was really there.”  
Pearl stated that the “visual” aspect of the experience (i.e. background) was realistic, given 
her a sense of realness; this sense of realness also helped her feel like she would fall if she 
took another step, which means she had a sense of spatial presence. However, Pearl did 
not think that the tools used to conduct geologic tests in the environment seemed realistic:  
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Pearl: “I mean nothing bad about like the stuff you would expect, like there's 
not really a pickaxe in front of you [VS: mm-hmm]. There’s not, like, the 
tools weren't realistic I guess…” 
I asked Pearl if she experienced any technical issues, and she replied:  
Pearl: “Yeah, I did. I think when we were…when it was the thing with the 
journal, [VS: mm-hmm] and we were actually looking at the wall of the 
Grand Canyon, I got confused. It took me like a while to figure out where I 
supposed to look.” 
Pearl did not know where to look for cues, so future development could also focus on 
providing adequate cue for participants to limit negative feelings toward the experience. 
Pearl suggested that we make the virtual experience based in a 3D video instead of a 
photograph: 
Pearl: “Can you, like, in virtual reality…can you make it like video too? 
[VS: mm-hmm] I think that would be cool so, like, when we’re at the Grand 
Canyon and you see people working. They’re actually, like, moving instead 
of just pictures of it.” 
Pearl implied that the experience seemed static so adding a background 3D video instead 
of background images may improve the sense of movement and interactivity in the virtual 
experience. Pearl mentioned that she felt like she was completely engaged in the 
experience, and the only things she noticed in the real world during the trial were other 
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participants’ feet scuffling; therefore, Pearl had a sense of through involvement in the 
virtual experience and not in the real world. Overall, Pear thought the virtual experience 
was an effective learning tool because she could visualize what all the tools were and 
received immediate feedback:  
Pearl: “I liked it because…I don’t know. It seemed effective to me. Like, if 
in the classroom, I was told, like, “This is this tool, and this is what it does.” 
I wouldn't remember it. But visually seeing it, like, picking it up and saying, 
“Oh, this is this tool and this is what it does” and then using it, 
metaphorically, was effective in teaching me that and then also with, 
like…Well, we don't really get quizzes in class, so getting the quiz in the 
virtual reality kind of helped and also you get immediate feedback through 
the quiz so if you don't get it right, it's kind of teaching yourself why you 
don't get it right ‘cause in quizzes and then for your exams, you don’t get 
that opportunity.” 
When I asked Pearl about uses for virtual reality in education, she suggested that someone 
should develop a virtual experience as an admissions tool for her university that could be 
used to get students interested in attending the school. Pearl thought that the virtual 
experience positively impacted her view of geology:  
VS: “And how did that experience affect your opinion about geology?” 
Pearl: “It changed it to more, like positive view, as in seeing that, it's more 
interesting to learn about, I guess. More interesting to see.” 
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Therefore, the virtual experience triggered Pearl’s situational interest in geology. Pearl 
said she would do a geology Grand Canyon field trip in real life if given the opportunity.  
5.3.3.6 Topaz 
Topaz identifies as a White, male, second year civil engineering student. Topaz 
enrolled in geology lecture and lab because it was a requirement for his major. He stated 
that he has enjoyed geology lecture because: 
Topaz: “Well, it’s just nice. It's cool to see how like, see how things on the 
earth, like, formed. Why things are the way they are today between 
mountains and everything else.” 
Topaz enjoyed learning about how geological processes create features such as mountains. 
Topaz noted that “it’s all interesting stuff for the ones who pay attention in class” and 
enjoyed that he enjoyed volcanoes and tectonics, in particular. Therefore, Topaz has 
triggered situational interest in geology from lecture. There was not a lab that Topaz 
preferred. However, Topaz stated that identifying rocks and memorizing rock names 
without an application was frustrating; therefore, Topaz does not have triggered situational 
interest from geology lab activities. When I asked Topaz about how the virtual experience 
went, he replied, “I enjoyed it. It was nice.” Topaz discussed what aspects of the experience 
were striking to him:  
VS: “So…what about it was, like, striking or interesting to you?” 
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Topaz: “Just that it was kind of immersive. Like, you’re literally 
there. You’re looking around.” 
Topaz had a sense that he was in the experience, which is presence. Topaz seemed to think 
that the virtual experience was unrealistic at first, but the longer he was "in" the 
environment and interacting with it, the more real it seemed:  
Topaz: “Probably say, well it took a little bit getting used to it. Right there 
at the beginning, it feels like when you were looking out over the Grand 
Canyon, it felt a little unrealistic at first but once you get to moving around 
and looking, that feeling kind of went away.” 
Topaz suggested that his sense of presence increased over the duration of the experience. 
Topaz mentioned that there were details of the photosphere, such as “cracks” (cross beds) 
in the sandstone that made the environment seem realistic:  
VS: “So what parts of that experience seemed realistic?” 
Topaz: “What was it…especially towards the end, where you have the 
cracks in the rock formations and stuff like that was like really real being 
on top of that.” 
Details captured in the photosphere helped give participants a sense of realness in the 
virtual experience. I asked Topaz what the research team could add to make the experience 
more realistic, and he replied:  
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Topaz: “Maybe start by looking on a different spot versus just…versus 
instead of, like, looking over the Grand Canyon [VS: mm hmm] have like 
half of it going through the expanse and like the…the valley that was on the 
right that you could see in the beginning, kind of have more of that in it so 
could have, like, a depth-perception type thing.” 
Topaz suggested that the participants’ first view of Grand Canyon might impart a greater 
sense of spatial presence if there were a mix of features that seemed close and far away. I 
asked Topaz aspects of the experience he did not like, and he replied:  
Topaz: I guess getting started at first. It was kind of hard to, you 
know…when it was telling you to look around for the tools, I was like 
“Alright, where…?” 
Topaz implied that we did not place tools conspicuously in the environment; this is 
valuable feedback for future iterations of trials. Topaz noted he did not have any major 
symptoms associated with cybersickness; however, he did note that “I probably should 
have turned the screen brightness down.” When I asked how the virtual experience affected 
Topaz’s opinions about geology, he replied:  
Topaz: “It kind of improved it a little bit. I already like geology [VS: mm-
hmm] so…But it definitely helped it some to be able to what I've done in 
lab and turn around and use that in a virtual environment and get the same 
result.” 
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Topaz noted that being able to apply what he learned in geology lab in a new context, the 
virtual experience, improved his opinions about geology. I asked Topaz if he could think 
of a use for VR as a teaching tool, he replied:  
Topaz: “Yeah. You could…especially like you…you…because I want to 
do structural [Vs: okay] so you could use VR, and you can go into a building 
at a specific point and look at it you know how…how its put together why 
it's put together that way, and they could even probably have an input where 
they show the statics and dynamics of the building and you can go in and 
like see, like, all right well this is this is the pressure on this corner of the 
building and bracket, whatever.” 
Topaz thought that a VR experience could be impactful by showing design and engineering 
components of a structure. I classify Topaz as having triggered situational interest from 
topics in geology lecture, as well as triggered situational interest in geology because he 
was able to apply knowledge from lab in the virtual experience. However, the geology 
interest he has is secondary to his maintained situational interest in civil engineering. 
5.3.3.7 Onyx 
Onyx identifies as a White, non-male, second year, anthropology student. Onyx 
enrolled in geology lecture and lab to fulfill a science requirement. She mentioned that she 
enjoyed energy resources as a topic in lecture, but also enjoyed rock identification in lab. 
Onyx talked about how lecture contributed to her appreciation of learning about geology:   
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Onyx: “…I just kind of had to take a science credit, but I liked it way more 
than I expected to. Like, I just kind of took it because it was one of my 
options and then I was like “Okay, I can probably learn about rocks.” But 
it’s like…but you know, that's what you think when you go in, and it's way 
more than that. It's just like super relevant to everything that goes on around 
you, so I think…I’m like…I'm definitely just more interested in geology 
based on just taking the class so…I definitely liked it.” 
Onyx valued geology more while taking geology lecture because she realized that geology 
as a subject had personal relevance to her. Therefore, Onyx has triggered situational 
interest in geology because of lecture and lab. When I asked Onyx which parts of the 
virtual experience seemed realistic, she replied:  
Onyx: “I mean I'd say, like…I did think it was cool that you really could 
spin around and see, like, the whole view. I mean, you felt like, you know, 
you could…that was cooler than just like maybe looking at a picture of it 
‘cause you could really see it all.”  
Onyx mentioned that having the photosphere surround her view helped her feel a sense of 
spatial presence, which helped her feel a sense of realness in the experience; she also 
remarked that the 3D photosphere seemed more realistic than a picture. Geology instruction 
is often image dependent. Therefore, Onyx suggests that using 3D photospheres in geology 
classes may provide a sense of “being there” and context that students may not be able to 
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experience from photos. However, when I asked Onyx about aspects of the experience that 
did not feel realistic, she replied:  
Onyx: “Just like the acid test…maybe just somehow, like, showing 
animation or video or something, like really showing what's happening, or 
just other things ‘cause that part just seemed really not very realistic at all.” 
Onyx felt the tools in the experience did not enhance a sense of realness in the environment, 
and we could improve the environment if we animated the tools. This is an area of future 
consideration because the experience may feel more realistic if they could see themselves 
using the tools, or the tools moving as opposed to the research team placing tools in the 
experience near where the participants use them. When I asked Onyx if she was confused 
at any point in the experience, she replied:  
Onyx: “I'd say, like, at first it was a little hard to figure out what you were 
supposed to click on…” 
Onyx mentioned that she did not initially understand what to gaze at in the experience; this 
is useful feedback for future development of the virtual experience.  
 I asked Onyx if she noticed about the classroom while she had the headset on, and she 
replied:  
Onyx: “I’d say the biggest thing was because we were all sitting together in 
those spinning chairs, occasionally, like, I would knock into the person next 
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to me [VS: okay], and I’d have to, like, you know, move, to, like not be 
hitting them. 
Onyx mentioned that she kept bumping into the people beside her during the virtual 
experience, which diminished her level of involvement and sense of presence in the 
environment. Onyx did not enjoy the experience, explicitly stating:  
Onyx: I think I just felt like…you know…I mean I know so, like, in our lab, 
you know, we kind of learned most of the information that like we're doing 
during the experience, but I just felt like if I hadn’t known any of it, I 
wouldn't learn anything from it.”  
Onyx did not enjoy the experience because the use of VR as a novel technology did not 
also present new activities; she had previously conducted sediment analysis in lab, and she 
did a similar exercise in the virtual experience. The VRFE team wants to develop more 
activities for the virtual experience, and this issue warrants future trials. Onyx also 
mentioned symptoms of cybersickness that contributed to negative feelings toward the 
experience:  
Onyx: I would say once I was done I was, like…or towards the end, I was 
like, “Okay, my head's starting to hurt. Like, this is not fun anymore.” Like, 
so at first it was kind of fun to just like, oh, spin around in your chair and 
do the things and then actually I…my head hurts, and I’m tired of doing 
this.” 
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Further, issues with cybersickness will persist if we create a longer experience with more, 
new activities. This is a consideration for future development of the virtual experience. 
Overall, Onyx had triggered situational interest from lecture and lab, but the virtual 
experience did not improve her interest in geology. 
5.3.3.8 Garnet 
Garnet identifies as a White, male, second year, civil engineering student. Garnet 
enrolled in geology lecture and lab because it is a requirement for his major; he is interested 
in becoming a civil engineering project manager. Garnet was interested in geology lecture 
topics such as landslides and land conservation because they closely relate to his major. 
Therefore, Garnet has triggered situational interest in geology from lecture. Garnet did 
not mention any geology lab activities or topics that he preferred more than others; 
therefore, he does not have triggered situational interest in geology from lab. Garnet 
previously experienced VR using Google Cardboard (Google, 2018). When I asked Garnet 
if anything about the experience surprised him, he replied:  
G: “I wouldn't have thought to…I wouldn't have thought to do this story 
that y’all did. The…the prospector and all that. I wouldn't have gone that 
way. That was just…” 
VS: “[interrupted] What way would you have gone?” 
G: “No, like, I…I…I just thought it was interesting. I just thought it was 
cool… think genuinely just like, “Wow, that’s kinda cool!”” 
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The prospector narrative in the virtual experience provided Garnet with an aspect of 
interestingness that he did not expect. When I asked Garnet how big the environment felt, 
he replied:  
Garnet: “Huge.” 
VS: “Really?” 
Garnet: “Yeah.” 
Further, when I asked Garnet what parts of the environment seemed realistic, he replied:  
Garnet: “No, the…the background was really realistic. [VS: Okay] Yeah. I 
liked the backdrop of the activity. Yeah.” 
VS: “Courtesy of Google Streetview.” 
Garnet: “Yeah, I’m sure. That was really cool.” 
Garnet was able to experience spatial presence, particularly a sense of depth, because he 
was able to perceive a sense of realness from the background photosphere. When I asked 
Garnet what he thought about the rocks in the experience, he replied:  
Garnet: “Like…like a seven out of ten [VS: okay] if I had to put a number 
on it…The rocks looked…and I kind of thought it was intentional, you 
know, like, you know how sometimes in video games, they’ll put a glow 
around something they want to highlight. That's kind of how the rocks 
looked…like, they…they didn't look like, you know, big tan blobs or 
 173 
 
anything, but it kind of looked like the program or the you know, activity 
was trying to highlight the rock, so you know where to look.” 
Garnet thought that the “glow” around objects in the environment was an intentional 
product of game design. While it was not an intentional product of game design, the “glow” 
was a result of editing and importing rock assets into the experience; the glow did not 
negatively impact Garnet’s opinion of the sense of realness in the virtual environment. 
When I asked Garnet if he bumped into other participants or the table in the conference 
room, he replied:  
Garnet: “Yeah, so it would be…yeah, I mean it's a small thing, but I 
would…I would, notice, it's like, you know…I would…I would keep 
moving, and I’d want to stop and then my body would keep moving. I’d be 
like, “Oh, ok, so I'm not actually, you know, even in the picture. I'm in a 
chair, in the classroom.” So…” 
Garnet noted that the motion of the swivel chair that the students sat in during the 
experience was slightly difficult to control, which may have affected his sense of 
involvement in the experience: When I asked Garnet how the virtual experience impacted 
how he feels about geology, he replied:  
Garnet: “I don't know if it affected how I feel about geology, necessarily, 
but it's…I thought it was a really cool, like, tool to use, you know to...to 
expand on some of the stuff that we’ve already learned. I don’t…okay…I 
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will say, I don't know if it's a…if it's a great, you know, first time learning 
experience. I definitely think it's like a supplementary thing, [VS: mm-
hmm] or could be used as a supplementary, so instead of “Go home and 
watch these videos,” come to like…you know, come to the lab after class 
or whatever, and, you know, do the VR experience. So, instead of just sitting 
in front of a screen, taking notes on something you may or may not get, it’s 
interactive.” 
Garnet seemed to think that the virtual experience was effective as an interactive, 
supplemental exercise to a normal lab, but it may not have been as impactful as a learning 
tool for students who had never taken geology. When I asked Garnet if he could think of 
other ways to use VR, he replied:  
Garnet: “So I mean with, you know, VR, if they could go and, like, survey 
that land with like VR capture or something, and then send us the program, 
we can see for ourselves what it actually looks like.” 
Garnet explained that a VR visualization of a project at a field site in a country experiencing 
civil unrest would be helpful for future plan at the site. Garnet did not seem to exhibit 
interest in geology beyond a couple of topics and had a defined future direction toward 
civil engineering. Therefore, I think Garnet had triggered situational interest because of 
topics in lecture he enjoyed that were related to his major, but the virtual experience did 
not impact his level of interest in geology.  
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5.3.3.9 Beryl 
Beryl identifies as a White, male, first year political science student. Beryl collected 
rocks as a kid and enrolled in geology because it was a science he had not taken previously. 
Therefore, Beryl has triggered situational interest in geology prior to enrolling in lecture 
and lab. Beryl took geology lecture a semester prior to enrolling in lab. Beryl mentioned 
that he prefers hands-on learning and has enjoyed learning in the lab more than in lecture. 
When I asked Beryl if he was more like to think about the geology around him because of 
lecture and lab, he replied:  
Beryl: “I…I would say yeah because I…I…even, like, when I went hiking 
a couple months ago, like, we went, like, out on the plutons and things like 
that, and, like, I knew what that was…” 
Beryl noted that he could identify features on a hike that he learned about in geology 
lecture. Further, Beryl commented about how taking geology has reconnected him to his 
interest in geology from his childhood: 
Beryl: “I really enjoyed it, and I think it's really cool because it's something 
again, just one of the little knacks that I had as a kid. I loved rocks and it's - 
that just sounds stupid, but…so, it's sort of, like, stuck with me because it…I 
almost like…like the nostalgic, like, learning more, like, of something that 
I really liked when I was younger.” 
 176 
 
Beryl was able to connect what he learned in geology lecture and lab to his interest in 
geology from childhood. Therefore, Beryl has maintained situational interest in geology 
from lecture and lab. When I asked Beryl his opinion of the virtual experience, he replied:  
Beryl: “I thought, especially the introduction, was really cool in the theater. 
That…it was all really realistic. The…the audio was really good.”  
Beryl felt a sense of realness from the theatre scene in the virtual environment, as well as 
the audio. When I asked Beryl if at any point in the experience that he forget he was in a 
room with other people, he replied:  
Beryl: “…the introduction really hooked me, like, sitting down and then, 
like, it changed scenery, and you were there, like, at the Grand Canyon and 
the overlook, and it was the point where when you first got there you could 
see the entire view I’m like “Wow, this is super cool.” I’ve…I've never been 
to the Grand Canyon or anything that so, I’m like, “Wow, this is, like, really 
neat, and, like, I just automatically wanted to look around and see more, 
[VS: mm-hmm] so I…I think at the beginning and when I was sort of, like, 
just starting to get into it, I definitely did feel like I was immersed.” 
Beryl felt involved in the virtual experience because of a sense of realness from the 
photosphere and a sense of being in Grand Canyon, or spatial presence. Beryl felt present 
enough in Grand Canyon that he wanted to explore the environment further. However, 
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when I asked Beryl about what aspect of the virtual experience seemed unrealistic, he 
replied:  
Beryl: “There were, like, certain areas. It wasn't, like, a whole part was 
blurry, but, like, sometimes in, like, one of the background images, like, you 
could tell there was, like, maybe like…like a couple pixels or something 
that did blurrier. But, not…not holistically. It…it wasn't really blurry.” 
Beryl mentioned there were locations where the images seemed blurry, but the blurriness 
was not distracting to him. However, cybersickness symptoms affected Beryl’s sense of 
presence in the virtual environment, such as nausea and feeling hot in the face:  
Beryl: “But, like, doing that, I really felt like I was gonna be sick, [VS: 
laughing] and, like, at, like, one point, like, I was getting, like, really hot, 
and like, “Okay, just gotta finish this, like, fast.” But, it…it wasn't…wasn’t 
my favorite.” 
Beryl rushed to finish the virtual experience even though he was experiencing 
cybersickness. Other researchers have found that cybersickness and sense of presence are 
negatively related (Weech et al., 2019). A mismatch between movement in reality and 
virtual reality can trigger cybersickness (Choroś & Nippe, 2019; LaViola, 2000a); 
however, Beryl thought movement with the virtual experience was seamless: 
Beryl: “And the way, like, moving around, like, ‘cause I made sure, like, I 
looked down, looked up, looked all around, and I…I thought, like, 
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that…that part was phenomenal, like, ‘cause it moved really moved really 
easily, but I think just, like, the screen the entire time, that’s what really, 
like…” 
Beryl attributed his cybersickness to blue light sensitivity or to looking around in the virtual 
headset but not issues with the experience itself. When I asked Beryl to think uses for VR, 
he replied:  
Beryl: “You know we were talking about this something like this. It'd be 
cool to have, like, a VR tour of [university] for, like, prospective students. 
I think that'd be super cool.”  
Even though Beryl did not enjoy cybersickness symptoms from the virtual experience, he 
could still virtual experiences effective for attracting prospective students to his university. 
Beryl wants to complete his political science degree to become a lawmaker, and he values 
being knowledgeable about science because he wants to be an informed lawmaker one day. 
Beryl had triggered situational interest in geology prior to lecture and lab. Beryl enjoyed 
that he could apply knowledge from geology lecture on a hike, and he enjoyed being able 
to learn more about something he was interested in as a kid. Therefore, Beryl has 
maintained situational interest in geology from lecture. However, I do not think Beryl’s 
interest in geology grew because of the virtual experience due to symptoms of 
cybersickness.  
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5.3.3.10 Virtual Experience: Within-Case Comparison 
Interest in geology prior to lecture and lab 
Four of the eight participants talked about their interest in geology prior to lecture 
and lab. Opal is the only geology major and had previously collected rocks and enjoyed 
outdoor activities. Zircon’s dad is a professional geologist who significantly contributed to 
his son’s geology interest. Quartz and Beryl both collected rocks prior to enrolling in 
geology lecture and lab.  
Participant attributes 
Half of the interview participants from the virtual experience took introductory 
geology only because they were satisfying a science requirement for their major. Five of 
eight interview participants were STEM majors, including three civil engineering majors. 
All virtual experience participants who I interviewed were lower-division students, 
including five first year students and three second year students. Three participants 
identified as non-male (Opal, Pearl, and Onyx), with the remainder male (Zircon, Quartz, 
Topaz, Garnet, and Beryl). Beryl was the only interview participant from the Spring 2019 
trials. Quartz, Topaz, Garnet, and Beryl all mentioned they had some previous experience 
with virtual reality, whereas Zircon mentioned extensive gaming and virtual experience. 
None of the non-male virtual participants mentioned prior virtual reality experience. 
Interest in geology from lecture and lab 
Each participant differed on their favorite geology lecture topics; however, the most 
preferred topic was energy resources (Opal, Onyx, and Garnet). Topography and rock 
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identification were polarizing lab activities, with an equal number of participants enjoying 
the activities as those who did not.  
Attitudes and sense of presence of virtual experience  
Most participants, barring Onyx and Beryl, had positive feelings toward the virtual 
experience. Participants’ positive feelings about the virtual experience are from the 
opening theatre scene, as well as a narrative that provided motivation for their exploration 
and a character who supplied external information to further motivate interactions with the 
experience. Most of the participants also enjoyed the realistic background imagery of the 
environment which is presence as realness. Participants also enjoyed the sense of scale and 
vastness that the environment provided, which is spatial presence. Opal, who had 
previously been to Grand Canyon, was the only virtual participant who noted that the 
experience did not seem as vast as Grand Canyon. The participants felt like they were 
“really there” in the experience, except for instances where they would bump into each 
other or the table where we held the trials, which reduced their involvement in the virtual 
experience.  
While the participants’ positive overall feelings about the virtual experience were 
related to aspects of realness, spatial presence and narrative, they were critical of the 
educational aspects of the experience. Zircon, Pearl, Topaz, and Onyx mentioned that there 
were times in the experience that they did not know what to do next. Participants noted 
they had issues seeing the grain size, rounding, and sorting charts, as well as thinking that 
the tools (hammer, hand lens, acid bottle) looked unrealistic and disproportional. The 
participants also noted that they would prefer animations of how the hammer and the acid 
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bottle interacted with the samples, instead of simply selecting the assets with no natural 
movement.  
Zircon and Quartz, both having significant gaming and virtual reality experience, 
were critical of ways that participants could interact with the environment. Zircon 
suggested the virtual experience be three-dimensional where the participant could explore 
in any direction should they choose, and Quartz suggested having buttons for more fluid 
selection of experience assets, as well as placing objects in more naturalistic settings (a 
hammer near the rock instead of in an orderly row in the air).  
Onyx and Beryl were the only two participants who reported negative overall 
opinions of the virtual experience but for distinct reasons. Onyx did not enjoy the 
experience because she found it difficult to remember results of the sediment analysis tests 
to determine the depositional environment in the virtual experience. Onyx noted that she 
prefers to take notes on paper so that she does not have issues with memory recall, and the 
virtual environment did not allow her to do that. Beryl enjoyed the experience until he 
developed symptoms of cybersickness, which he attributed to blue light from the headset 
screen.  
Some participants thought that the virtual experience was a good learning tool for 
geology; specifically, the experience allowed students to have context to depositional 
environments (Opal and Onyx), immediate feedback (Pearl), being able to collect their own 
rocks to test (Topaz), and having multiple geology concepts in one activity (Garnet). The 
participants did not think they learned much from the experience itself because they had 
already done the same grain analysis activities in lab (Quartz, Onyx, Garnet), but they did 
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think that it would be effective as a supplemental exercise tool (Garnet). The participants 
demonstrated that virtual reality in educational settings is still novel because the 
participants mentioned experiences they would like to have for their own majors, such as 
bridge and roadway design (Zircon), coding (Quartz), student admissions tours (Pearl and 
Beryl), structural design (Topaz), and visualizing a remote worksite (Garnet).  
Interest in geology after experience 
When I asked the participants if they would switch to a geology major or minor, 
many of the participants are committed to their current majors. However, most of the 
participants (Opal, Pearl, Onyx, Topaz, Garnet, and Beryl) mentioned that they would 
enjoy doing a trip to Grand Canyon in real life because it would allow them to apply what 
they have learned in class (Opal, Pearl, Garnet, and Beryl), or would help them see how 
relevant geology is to their everyday life (Onyx).  
Opal is the only participant who I interviewed from the virtual experience that is a 
geology major, and the virtual experience made her excited for geology field experiences 
to come. Zircon and Beryl stated that the virtual experience did not impact their level of 
interest in geology. However, Pearl, and Topaz stated that the virtual experience helped 
improve their opinion of geology because it made geology more exciting (Pearl), and he 
could directly apply topics learned in lab (Topaz).
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Table 5.1: Summary of interview participants' attributes. 
Participant Experience Major College Year Gender Geology Enrollment  Geology Interest Due to Experience 
Ruby Classroom Computer Science Second Non-male Lecture and lab Triggered situational interest 
Jasper Classroom Psychology Second Male Lecture and lab Triggered situational interest 
Amethyst Outdoor Civil Engineering Second Non-male Lab only Triggered situational interest 
Sapphire Outdoor Computer Science First Non-male Lecture and lab Triggered situational interest 
Citrine Outdoor Chemistry Second Non-male Lecture and lab Triggered situational interest 
Opal Virtual Geology First Non-male Lecture and lab Triggered situational interest 
Zircon Virtual Civil Engineering First  Male Lecture and lab None 
Quartz Virtual Computer Science First Male Lecture and lab Triggered situational interest 
Pearl Virtual Management First Non-male Lecture and lab Triggered situational interest 
Topaz Virtual Civil Engineering Second Male Lecture and lab Triggered situational interest 
Onyx Virtual Anthropology Second Non-male Lecture and lab Triggered situational interest 
Garnet Virtual Civil Engineering Second Male Lecture and lab None 
Beryl Virtual Political Science First  Male Lab only None 
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CHAPTER 6:  RESULTS-ATTITUDES  
6.1 Overview 
This chapter reports results from the “Attitudes toward Field Experiences” survey 
on a Likert 1-5 scale, with 1 representing least likely and less positive and 5 representing 
most likely and more positive. There were issues with survey administration for Trial 3 in 
Fall 2018 (4.4.3 Survey administration issues, p. 89) so items that could be averaged with 
sufficient internal consistency (α >.6) (learning tool and environment) were combined with 
results from the same items in Trial 4. Survey administration issues were fixed for the 
Spring 2019 trials, and the complete survey results (all items) from Trial 4 will be presented 
separately, in addition to the combined results from Trials 3 and 4. Results will be discussed 
as “Trials 3 and 4” and “Trial 4,” respectively. Survey items can be found in Appendix E: 
Post-Intervention Survey.  
6.2 Classroom Experience 
6.2.1 Trial 3 quantitative results 
6.2.1.1 Overall attitudes of participants towards classroom experiences 
There were sixty-three participants in the classroom experience from three sections 
(conducted in Fall 2018 only). Participants’ overall attitudes toward the classroom 
experience were moderately positive (Likert 1-5, mean=3.49 ± standard deviation=0.67) 
(Table 6.1). Second-year student had the most positive attitudes toward the classroom 
experience (n=12, 3.94 ± 0.63) of all demographic groups (age, gender, college year, etc.). 
First-year students had the least positive attitudes toward the classroom experience (n=22, 
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3.27 ± 0.74). There were no statistically significant differences between groups in overall 
attitudes toward the classroom experiences.  
6.2.1.2 Classroom experiences as a learning tool 
Overall, students had moderately positive attitudes of how the classroom 
experience was effective as a learning tool (n=63, 3.37 ± 0.69). Second-year students had 
the most positive attitudes toward classroom experiences as a learning tool (n=12, 3.82 ± 
0.68) of all demographic groups. Students with previous virtual reality experiences (n=29, 
3.11 ± 0.68) and first year students (n=22, 3.15 ± 0.79) had the least positive attitudes 
toward classroom experiences as a learning tool of all demographic groups. However, there 
were no statistically significant differences between groups in other demographic 
categories for utilizing the classroom experience as a learning tool.  
6.2.1.3 Classroom experiences for environmental awareness 
Second-year students had the most positive attitudes of all demographic groups 
toward using classroom experiences to teach awareness of the environment (n=12, 4.08 ± 
0.66). First-year students had the least positive attitudes toward classroom experiences to 
teach awareness of the environment for all demographic groups (n=22, 3.42 ± 0.76). 
However, there were no statistically significant differences between groups in other 
demographic categories for utilizing the classroom experience to teach awareness of the 
environments.  
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6.2.2 Qualitative explanation of students’ attitudes toward classroom experiences 
There were two interview participants from the classroom experience, and both 
participants described ways they could transfer their geology content knowledge to a new 
context. Jasper, a sophomore, male, psychology major, saw utility in the classroom 
experience as a learning tool for transferring knowledge he learned in class and lab to a 
real-world context:  
VS: “So, what do you think you learned during, like, that experience?” 
Jasper: “I would say that I’ve learned like how to use what I've learned in 
geology and in geology lab and then use it in the real world, so like use- 
taking it…and then taking that knowledge out in the real world because it's 
one thing like just to sit, like, in the lab and, like, in the lecture and like learn 
about, like, the vocabulary or like see an example on the board, but then 
actually have to like use the theories and like what you've learned to identify 
something out in the real world.” 
Ruby, a sophomore, non-male, computer science major, thought that the classroom 
experience was able to bridge the information she learned in lecture and lab with new 
applications of that knowledge:  
Ruby: “I think…I really learned [VS: if you learned anything]. I think…I 
think it made it more clear [sic] how you could tell what kind of 
environment it was previously just based on the rock layers, which I thought 
was pretty interesting. That's mostly what I learned, that it was, like…like 
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any, any old person could just do it, like, with, like, cursory geology 
knowledge. So that's what I thought it was really interesting, like, I never 
really thought about that ‘cause I was thinking “Oh, it’s, like, all just the 
fossils. How are you gonna, like, identify those fossils?” but, like, you can 
really just tell from, like, the types of rock that are there.” 
Ruby and Jasper talked about aspects of the classroom experience that they did not 
understand or feel comfortable doing. Ruby mentioned that rock identification was difficult 
because they had not identified rocks since the beginning of the semester. Notably, Ruby 
misspeaks by saying “identify some minerals” in reference to identifying rocks during the 
classroom experience, and the difference between rocks and minerals is heavily 
emphasized by GTAs and lecturers:  
Ruby: “No, I think that would be good because we were all just kind of 
sitting there like, “Oh, no. We have to identify some minerals.” [VS: mm-
hmm] Of course, that had been, like, right at the beginning of the semester. 
[VS: Yeah] I mean they were all fairly, like, clear, but, like, they were they 
were pretty obvious minerals but still I think for a second it just seems, like, 
a hard task because it was, like, “Wow it’s been forever” so…” 
Jasper mentioned that there were times during the classroom experience where he and his 
group did not know how to answer guiding questions I asked during the experience:  
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Jasper: “I would say the concepts just because like I would be like…like 
when you were trying to help me and like my group…I don’t know if you 
remember this but like, you would ask us questions, and like we just 
completely didn't know the answers. And so, like that's…I guess it's just one 
thing we struggled with. Like, we just don't… we didn't remember it.” 
Jasper’s comment, in particular, highlights that students in the classroom experience were 
dealing with issues of recall, as well as having some difficulty making connections between 
concepts for the first time
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Table 6.1: Quantitative results for participants' attitudes toward classroom experiences. Classroom Attitudes refers to students’ 
overall attitudes toward the classroom experience. Classroom-Learning Tool refers to students’ attitudes toward using the 
experience as a learning tool. Classroom-Environmental refers to students’ attitudes toward the classroom experience used to 
increase awareness of the environment. 
      Attitudes toward Classroom Experiences 
Demographic Category n 
Classroom 
attitudesa 
H or 
Ub pc 
Classroom-
learning toola 
H or 
Ub pc 
η2H or 
η2d 
Classroom-
environmentala 
H or 
Ub pc 
Classroom Experience Combined 63 3.49 ± 0.67   3.37 ± 0.69    3.63 ± 0.75   
Age 
18-19 31 3.47 ± 0.79 0.644 0.725 3.37 ± 0.85 0.444 0.801  3.59 ± 0.79 0.954 0.621 
20-21 21 3.57 ± 0.53   3.43 ± 0.47    3.74 ± 0.74   
>21 11 3.40 ± 0.60   3.27 ± 0.58    3.57 ± 0.73   
Gender 
Male 43 3.48 ± 0.68 429 0.988 3.33 ± 0.69 394 0.592  3.67 ± 0.76 396 0.613 
Non-male 20 3.51 ± 0.68   3.48 ± 0.69    3.55 ± 0.75   
Race 
White/Asian 57 3.47 ± 0.68 117.5 0.209 3.34 ± 0.69 103.5 0.111  3.62 ± 0.76 149 0.604 
Underrepresented 6 3.72 ± 0.65   3.70 ± 0.63    3.75 ± 0.71   
Major 
Non-STEM 32 3.42 ± 0.77 425.5 0.331 3.33 ± 0.79 446.5 0.493  3.54 ± 0.80 431.5 0.372 
STEM 31 3.56 ± 0.57   3.42 ± 0.58    3.73 ± 0.70   
College Year 
First year 22 3.27 ± 0.74 7.986 0.046+ 3.15 ± 0.79 5.936 0.115  3.42 ± 0.76 7.82 0.05
+ 
Second year 12 3.94 ± 0.63   3.82 ± 0.68    4.08 ± 0.66   
Third year 16 3.47 ± 0.55   3.34 ± 0.48    3.62 ± 0.75   
Fourth year 13 3.48 ± 0.60   3.38 ± 0.59    3.60 ± 0.73   
Geology Enrollment 
Lecture and lab 54 3.47 ± 0.68 202.5 0.425 3.35 ± 0.71 195.5 0.347  3.62 ± 0.75 230 0.797 
Lab only 9 3.62 ± 0.63   3.53 ± 0.56    3.72 ± 0.80   
Previous Field-High 
School 
Yes 18 3.46 ± 0.63 392.5 0.849 3.31 ± 0.65 369.5 0.586  3.65 ± 0.72 388.5 0.801 
No 45 3.50 ± 0.70   3.40 ± 0.71    3.63 ± 0.77   
Previous Field-College 
Yes 39 3.47 ± 0.74 456 0.865 3.35 ± 0.73 465 0.966  3.63 ± 0.84 455 0.853 
No 24 3.52 ± 0.56   3.42 ± 0.63    3.65 ± 0.61   
Previous Virtual Reality 
Yes 29 3.28 ± 0.70 358 0.062 3.11 ± 0.68 323 0.018 0.09 3.50 ± 0.81 415.5 0.282 
No 34 3.67 ± 0.60   3.60 ± 0.62    3.75 ± 0.69   
 
a. “±” indicates standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because p >.05, or for p values between 0.01 and 0.05 
failed the Holm’s-Bonferroni test (numbers with superscripted +).  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons were not performed if the 
Kruskal-Wallis test showed no significant difference between any of the groups.  
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6.3 Outdoor Experience 
6.3.1 Trials 3 and 4 quantitative results 
6.3.1.1 Attitudes toward outdoor experiences 
There were 114 participants in the outdoor experiences from seven sections across 
two semesters (Fall 2018 and Spring 2019) (Table 6.2). Students older than 21 had the most 
positive attitudes toward the outdoor experiences (n=9, 4.20 ± 0.54). First-year (n=54, 3.45 
± 0.53) and non-STEM (n=39, 3.44 ± 0.67) students had the least positive attitudes toward 
the outdoor experiences. There was a statistically significant difference in overall attitudes 
between 18-19-year-olds (mean rank=50.17) and students older than 21 (mean rank=89.22) 
(H(3)=13.525, p=0.002). There was a statistically significant difference in overall attitudes 
between first year (mean rank=50.04) and fourth year students (mean rank=83.13) 
(H(3)=10.319, p=0.01).  
6.3.1.2 Outdoor experiences as a learning tool 
Students older than 21 (n=9, 4.11 ± 0.58) had more positive attitudes toward the 
outdoor experience being used as a learning tool than all other demographic groups (Table 
6.2). Non-STEM students had the least positive attitudes of the outdoor experience used as 
a learning tool of all demographic groups (n=54, 3.32 ± 0.70). There was a statistically 
significant difference in attitudes toward outdoor field experiences as a learning tool 
between 18-19-year-olds (mean rank=52.42) and students older than 21 (mean rank=86.39) 
(H(3)= 8.988, p=0.01). There were no other statistically significant differences in attitudes 
between other demographic groups.  
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6.3.1.3 Outdoor experiences for environmental awareness 
Students older than 21 had the most positive attitudes toward the outdoor 
experience used to teach environmental awareness than any other demographic group (n=9, 
4.31 ± 0.65) (Table 6.2). First-year students had the least positive attitudes toward the 
outdoor experiences used to teach environmental awareness than any other demographic 
group (n=54, 3.48 ± 0.66). There was a statistically significant difference in attitudes 
towards outdoor experience for teaching environmental awareness between 18-19-year-
olds (mean rank=49.24) and students older than 21 (mean rank=84.39) (H(3)= 14.127, 
p=0.007). There were no other statistically significant differences between students’ 
attitudes of using outdoor experiences to teach environmental awareness.
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Table 6.2: Quantitative results for participants' attitudes toward outdoor field experiences. Outdoor Attitudes refers to students’ 
overall attitudes toward the outdoor experience. Outdoor-Learning Tool refers to students’ attitudes toward using the outdoor 
experience as a learning tool. Outdoor-Environmental refers to students’ attitudes toward the outdoor experience used to 
increase awareness of the environment. 
      Attitudes toward Outdoor Field Experiences 
Demographic Category n 
Outdoor 
attitudesa 
H or 
Ub pc 
η2H 
or 
η2d 
Outdoor-
learning 
toola 
H or 
Ub pc 
η2H 
or 
η2d 
Outdoor-
environmentala 
H or 
Ub pc 
η2H 
or 
η2d 
Outdoor Experience Combined 114 3.60 ± 0.58    3.54 ± 0.62    3.68 ± 0.67    
Age 
18-19 72 3.47 ± 0.54 13.525 0.002 0.10 3.44 ± 0.59 8.988 0.01 0.06 3.5 ± 0.65 14.127 0.001 0.11 
20-21 33 3.72 ± 0.55 
   
3.58 ± 0.63 
   
3.9 ± 0.54 
   
>21 9 4.20 ± 0.54 
   
4.11 ± 0.58 
   
4.31 ± 0.65 
   
Gender 
Male 75 3.55 ± 0.53 1294 0.313 
 
3.49 ± 0.56 1299 0.326 
 
3.63 ± 0.65 1301 0.331 
 
Non-male 39 3.69 ± 0.66 
   
3.63 ± 0.74 
   
3.78 ± 0.70 
   
Race 
White/Asian 98 3.61 ± 0.59 732.5 0.674 
 
3.55 ± 0.64 683 0.407 
 
3.68 ± 0.68 780 0.974 
 
Underrepresented 16 3.54 ± 0.50 
   
3.42 ± 0.50 
   
3.69 ± 0.62 
   
Major 
Non-STEM 39 3.44 ± 0.67 1129.5 0.046 0.03 3.32 ± 0.70 1000 0.005 0.07 3.59 ± 0.78 1332.5 0.434 
 
STEM 75 3.68 ± 0.51 
   
3.65 ± 0.55 
   
3.72 ± 0.60 
   
College Year 
First year 54 3.45 ± 0.53 10.319 0.01 0.07 3.43 ± 0.59 9.702 0.01 0.06 3.48 ± 0.66 9.104 0.028 
 
Second year 28 3.67 ± 0.55 
   
3.54 ± 0.56 
   
3.83 ± 0.70 
   
Third year 20 3.60 ± 0.56 
   
3.48 ± 0.67 
   
3.75 ± 0.51 
   
Fourth year 12 4.09 ± 0.60 
   
4.08 ± 0.63 
   
4.10 ± 0.63 
   
Geology Enrollment 
Lecture and lab 108 3.57 ± 0.55 232 0.242 
 
3.51 ± 0.60 239 0.278 
 
3.65 ± 0.65 209 0.141 
 
Lab only 6 4.04 ± 0.88 
   
3.93 ± 0.89 
   
4.17 ± 0.89 
   
Previous Field-High 
School 
Yes 19 3.71 ± 0.36 746 0.233 
 
3.58 ± 0.49 836 0.611 
 
3.87 ± 0.33 704.5 0.129 
 
No 95 3.58 ± 0.61 
   
3.53 ± 0.65 
   
3.64 ± 0.71 
   
Previous Field-College 
Yes 45 3.65 ± 0.60 1415.5 0.426 
 
3.60 ± 0.67 1418 0.433 
 
3.72 ± 0.68 1467.5 0.619 
 
No 69 3.56 ± 0.56 
   
3.49 ± 0.59 
   
3.65 ± 0.67 
   
Previous Virtual Reality 
Yes 57 3.63 ± 0.60 1513.5 0.528 
 
3.61 ± 0.62 1373.5 0.153 
 
3.66 ± 0.72 1578 0.79 
 
No 57 3.57 ± 0.55 
   
3.46 ± 0.63 
   
3.70 ± 0.62 
   
a. “±” indicates standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because p >.05, or for p values between 0.01 and 0.05 
failed the Holm’s-Bonferroni test (numbers with superscripted +).  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons were not performed if the 
Kruskal-Wallis test showed no significant difference between any of the groups.  
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6.3.2 Trial 4 Quantitative Results 
Participants in Trial 4 were given the entirety of the Attitudes toward Outdoor 
Experience survey; therefore, those results are reported separately.  
6.3.2.1 Attitudes toward outdoor experiences 
There were sixty-six participants in four sections of introductory geology lab in 
Trial 4 (Spring 2019). Participants’ overall attitudes from the outdoor experience were 
positive (n=66, 3.79 ± 0.57). Attitudes averages were only reported for students enrolled 
in both lecture and lab because there was only one participant who was taking the lab 
without taking the lecture at the same time (to remove identifiability). Also, comparisons 
between attitudes for students enrolled in lecture and lab and lab only were not reported. 
Fourth-year students had the most positive attitudes toward the outdoor experiences 
used as a learning tool of all demographic groups (n=8, 4.35 ± 0.44). Non-STEM majors 
had the least positive attitudes toward the outdoor experiences used a learning tool (n=12, 
3.53 ± 0.82). There was a statistically significant difference in attitudes toward outdoor 
field experience as a learning tool between first -year (mean rank=29.97) and fourth year 
(mean rank=51.19) students (H(4)=8.049, p=0.031).  
6.3.2.2 Social aspect of outdoor experiences 
Fourth-year students had the most positive attitudes of the social aspect of outdoor 
experiences of any demographic group (n=8, 4.35 ± 0.44). Non-STEM students had the 
least positive attitudes of the social aspect of outdoor experiences of any demographic 
group (n=12, 3.56 ± 1.09).  
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6.3.2.3 Adventurous aspect of outdoor experiences 
Second-year students had the most positive attitudes toward the adventurous aspect 
of the outdoor experiences (n=15, 4 ± 0.86). Non-STEM students had the least positive 
attitudes toward the adventurous aspect of the outdoor experiences (n=12, 3.19 ± 1.04). 
There was a statistically significant difference in attitudes to outdoor experiences with 
regards to the adventurous aspect between STEM (mean rank=35.75) and non-STEM 
students (mean rank=23.38) (U=202.5, p=0.042).  
6.3.2.4 Environmental aspect of outdoor experiences 
Fourth-year students had the most positive attitudes toward the use of the outdoor 
experience to teach environmental awareness (n=8, 4.22 ± 0.56). First-year students had 
the least positive attitudes toward the use of the outdoor experience to teach environmental 
awareness (n=31, 3.48 ± 0.71). There were no statistically significant differences between 
groups in demographic categories with respect to students’ attitudes toward the 
environmental aspect of outdoor field experiences.
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Table 6.3: Participants’ attitudes toward outdoor field experiences. Outdoor Attitudes refers to students’ overall attitudes 
toward the outdoor experience. Outdoor-Learning Tool refers to students’ attitudes toward using the outdoor experience as a 
learning tool. Outdoor-social refers to students’ attitudes toward the social nature of the outdoor experience.  
 
   Attitudes toward Outdoor Field Experiences 
Demographic Category n 
Outdoor 
attitudesa 
H or 
Ub pc 
η2H or 
η2d 
Outdoor- 
learning toola 
H or 
Ub pc 
η2H or 
η2d Outdoor-sociala 
H or 
Ub pc 
Outdoor Experience Combined 66 3.79 ± 0.57    3.81 ± 0.59    3.90 ± 0.74   
Age 
18-19 40 3.67 ± 0.60 5.777 0.056  3.69 ± 0.61 3.969 0.137  3.82 ± 0.81 1.534 0.464 
20-21 20 3.92 ± 0.49    3.90 ± 0.51    3.98 ± 0.56   
>21 6 4.19 ± 0.45    4.25 ± 0.52    4.22 ± 0.78   
Gender 
Male 41 3.73 ± 0.56 420.5 0.224  3.71 ± 0.58 389.5 0.103  3.88 ± 0.77 502.5 0.894 
Non-Male 25 3.90± 0.58    3.97 ± 0.59    3.95 ± 0.69   
Race 
White or Asian 59 3.79 ± 0.59 194.5 0.802  3.80 ± 0.61 180 0.58  3.89 ± 0.75 191 0.744 
Underrepresented 7 3.84 ± 0.49    3.90 ± 0.43    4.05 ± 0.59   
Major 
Non-STEM 12 3.50 ± 0.85 242 0.172  3.53 ± 0.82 239 0.157  3.56 ± 1.09 259 0.274 
STEM 54 3.86 ± 0.48    3.87 ± 0.52    3.98 ± 0.62   
College Year 
First year 31 3.64 ± 0.57 8.768 0.021 0.03 3.69 ± 0.56 8.049 0.031 0.08 3.75 ± 0.80 4.698 0.195 
Second year 15 3.86 ± 0.62    3.78 ± 0.68    3.96 ± 0.73   
Third year 12 3.80± 0.47    3.78 ± 0.48    3.92 ± 0.45   
Fourth year 8 4.27 ± 0.40    4.35 ± 0.44    4.38 ± 0.72   
Geology Enrollment 
Lab and Lecture 65 3.78 ± 0.56    3.79 ± 0.58    3.89 ± 0.73   
Lab only 1            
Previous Field-HS 
Yes 12 3.95 ± 0.48 251.5 0.228  3.97 ± 0.55 246 0.194  3.94 ± 0.68 317.5 0.913 
No 54 3.76 ± 0.59    3.77 ± 0.60    3.90 ± 0.75   
Previous Field-College 
Yes 17 3.91 ± 0.45 360.5 0.411  3.95 ± 0.54 351.5 0.34  4.06 ± 0.43 368.5 0.476 
No 49 3.76 ± 0.61    3.76 ± 0.60    3.85 ± 0.81   
Previous VR 
Yes 33 3.83 ± 0.60 506.5 0.626  3.88 ± 0.62 351.5 0.301  3.93 ± 0.79 368.5 0.795 
No 33 3.76 ± 0.55    3.74 ± 0.56    3.88 ± 0.70   
a. “±” indicates mean with standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because p >.05, or for p values between 0.01 and 0.05 
failed the Holm’s-Bonferroni test (numbers with superscripted +).  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons were not performed if the 
Kruskal-Wallis test showed no significant difference between any of the groups.  
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Table 6.3 (continued): Quantitative results for participants' attitudes toward outdoor field experiences. Outdoor -adventurous 
refers to the adventurous nature of going outdoors in the outdoor experience. Outdoor-Environmental refers to students’ 
attitudes toward the outdoor experience used to increase awareness of the environment. 
   Attitudes toward Outdoor Field Experiences 
Demographic Category n Outdoor-adventurousa H or Ub p c η2H or η2d Outdoor-environmentala H or Ub pc 
Outdoor Experience Combined 66 3.74 ± 0.82    3.72 ± 0.66   
Age 
18-19 40 3.63 ± 0.85 2.192 0.334  3.53 ± 0.69 7.929 0.019 
20-21 20 3.92 ± 0.83    3.94 ± 0.50   
>21 6 3.89 ± 0.46    4.21 ± 0.58   
Gender 
Male 41 3.76 ± 0.72 490 0.764  3.66 ± 0.65 460 0.483 
Non-Male 25 3.72 ± 0.97    3.81 ± 0.69   
Race 
White or Asian 59 3.78 ± 0.77 177 0.536  3.70 ± 0.68 197.5 0.85 
Underrepresented 7 3.43 ± 1.17    3.82 ± 0.51   
Major 
Non-STEM 12 3.19 ± 1.04 202.5 0.042 0.06 3.58 ± 1.01 320.5 0.953 
STEM 54 3.86 ± 0.71    3.75 ± 0.57   
College Year 
First year 31 3.56 ± 0.83 4.181 0.243  3.48 ± 0.71 7.537 0.057 
Second year 15 4.00 ± 0.86    3.90 ± 0.60   
Third year 12 3.78 ± 0.88    3.77 ± 0.43   
Fourth year 8 3.92 ± 0.46    4.22 ± 0.56   
Geology Enrollment 
Lab and Lecture 65 3.73 ± 0.82    3.70 ± 0.65   
Lab only 1        
Previous Field-HS 
Yes 12 3.94 ± 0.80 257.5 0.265  3.92 ± 0.29 258 0.267 
No 54 3.70 ± 0.82    3.67 ± 0.72   
Previous Field-College 
Yes 17 3.84 ± 0.67 390 0.695  3.72 ± 0.60 408 0.9 
No 49 3.71 ± 0.87    3.71 ± 0.69   
Previous VR 
Yes 33 3.65 ± 0.75 390 0.173  3.74 ± 0.73 408 0.912 
No 33 3.84 ± 0.88    3.69 ± 0.60   
a. “±” indicates standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because p >.05, or for p 
values between 0.01 and 0.05 failed the Holm’s-Bonferroni test (numbers with superscripted +).  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons 
were not performed if the Kruskal-Wallis test showed no significant difference between any of the groups.  
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6.3.3 Qualitative explanation of students’ attitudes toward outdoor experiences 
There were three participants from the Spring 2019 outdoor trials who agreed to be 
interviewed about their experiences. All three interview participants were non-male and 
non-geology majors. Two of the participants were second year students (Amethyst and 
Citrine) and Sapphire is a first-year student. Amethyst is a civil engineering major who had 
taken geology lecture and lab in separate semesters. Amethyst had positive attitudes of the 
lab because she felt the active, outside nature of the experience could help her remember 
aspects of it better than other traditional ways to learn: 
VS: “Do you have any questions for me, or anything you’d like to add?” 
Amethyst: “I really can’t think of anything. I liked, yeah, your lab. I 
liked…But me personally, I don't really learn something until, like, I go out 
and, like, do it. I’ll just read about something, then it doesn't stick with me 
[VS: yeah]. But I'll remember like going out and actually, like, doing 
something and working with it. [inaudible] It’s just me. It helps me 
remember.” 
Amethyst had a positive attitude toward the outdoor experience, largely because she could 
ascribe historical, geologic value, as well as personal value, to rocks unlike before the 
outdoor experience. Amethyst also took pride in the fact that she could imagine bringing 
other people to the site of the outcrop to share what she has learned:  
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VS: “What’d you think about like learning the geologic history of this area 
and being able to, like, make some, like, grander conclusions from, like, one 
outcrop?” 
Amethyst: “That was pretty cool. Instead of, like, just looking at a rock and 
being like, “Oh, yeah, a rock” like, you understand, like, the value of that 
rock, I guess. [VS: Mm-hmm] Like, what it went through to get it, and why 
it's, like, historical, instead of just, like, “Okay, [inaudible] sparkles on the 
bottom. It’s cool.” Like, ‘cause I mean, whenever people go they’re just 
like, “Oh yeah, pretty” but then, like, I…I can go there, I can go to that place 
and be like, “Listen, this thing formed this way” and then everybody’s like, 
“Oh my gosh” and I’d be like, “Yeah, it’s cool, isn’t it?” 
Citrine is a chemistry major who enrolled in both geology lecture and lab in the same 
semester. Citrine had positive feelings related to the outdoor experiences as a learning tool. 
Citrine liked the hands-on nature of the outdoor experience, and she enjoyed that the 
experience helped her apply the knowledge she learned in lab to a difference context, 
instead of simply memorizing the material for an exam:  
Citrine: “I don't know. I guess, like, the hands-on activity was what I had 
been hoping for. I think maybe like getting outside more and, like, teaching 
by, like, asking questions and, like, forcing us to make connections makes 
us learn things rather than, like, memorize them [VS: mmm]. Because I find, 
like, a lot of the times in, like, geology lecture, I’m just, like, memorizing 
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things, then it gets to the exam and I’m like, “Oh, I guess that's how those 
are though,” like, same thing, how they’re connected. I guess just geology 
lab in general, like, going outside was really nice [okay] ‘cause it was, like, 
we're not in this, like, stuffy little room with, like, these really horrible 
knives, like, scratching minerals and stuff.” 
Citrine mentioned that she is from the surrounding area of the university she attends, and 
the outdoor experience was an interesting opportunity for her to learn more about the 
geology in her native area.  
Citrine: “No, that was something that was really interesting because I…I 
live here. I’ve lived here my whole life.” 
VS: “You're from the [edited, region name]? 
Citrine: “….Yeah, so I've, like, grown up coming to the [edited, local 
botanical gardens] in [edited, local place], and I never knew that was over 
there. I’ve never been in the [edited, local geology museum] or anything, so 
I guess I just really loved finding out it was there. [VS: Yeah] But I think it 
was interesting because I've always found the area kind of boring, like, I 
don't think we have any, like, I don’t know how to put it.” 
Sapphire is a first year, computer science student. Sapphire also enjoyed the hands-on 
nature of the experience because she could see in context the information that was being 
discussed:  
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Sapphire: “…that before, so it was all kind of a new concept to me. Well, 
not new concept, but, like, new…I'm like a hands-on learner, so it was very, 
like, beneficial to help me like see, actually see what you're talking about 
by the rocks.”  
Sapphire mentioned that she was confused by what she needed to draw in the outcrop, 
which is typical of a novice geology student:  
Sapphire: [Pause]I know for me, at first, I didn't know like what I was 
looking for [VS: okay] when I was drawing the picture, so maybe explaining 
more in depth like what you're looking at to draw or to sketch out.  
6.4 Virtual Experience 
6.4.1 Trials 3 and 4 quantitative results 
6.4.1.1 Attitudes toward virtual experiences 
There were 290 participants in the virtual experience from eighteen sections. 
Participants’ overall attitudes toward the virtual experience were moderate to high (n=290, 
3.33 ± 0.71) (Table 6.4). Underrepresented students had the most positive overall attitudes 
toward the virtual experience (n=63, 3.43 ± 0.71). Students only enrolled in geology lab 
(n=23, 3.12 ± 0.71) had the least positive overall attitudes toward the virtual experience. 
There were no statistically significant differences in attitudes toward virtual experiences 
between groups in demographic categories. Participants’ attitudes were less positive for 
the virtual experience than for the classroom or outdoor experiences.  
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6.4.1.2 Virtual experiences as a learning tool 
Underrepresented students had the most positive attitudes of the virtual experience 
as a learning tool (n=40, 3.5 ± 0.62). Students enrolled only in geology lab had the least 
positive attitudes of the virtual experience as a learning tool (n=23, 3.09 ± 0.75). There 
were no statistically significant differences in attitudes toward virtual experiences as a 
learning tool between demographic groups.  
6.4.1.3 Environmental aspect of virtual experiences 
Underrepresented students had the most positive attitudes of virtual experiences 
used to teach environmental awareness (n=40, 3.54 ± 0.69). Students enrolled only in lab 
had the least positive attitudes of virtual experiences used to teach environmental 
awareness (n=23, 3.15 ± 0.85). There were no statistically significant differences in 
attitudes towards virtual experiences to teach environmental awareness between 
demographic groups.  
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Table 6.4: Quantitative results for participants' attitudes toward virtual field experiences. Virtual Attitudes refers to students’ 
overall attitudes toward the virtual experience. Virtual -Learning Tool refers to students’ attitudes toward using the virtual 
experience as a learning tool. Virtual-Environmental refers to students’ attitudes toward the outdoor experience used to 
increase awareness of the environment. 
      Attitudes toward Virtual Field Experiences 
Demographic Category n Virtual attitudesa 
H or 
Ub pc 
Virtual-learning 
toola H or Ub pc 
Virtual-
environmentala H or Ub pc 
Virtual Experience Combined 290 3.33 ± 0.71   3.30 ± 0.71   3.36 ± 0.85   
Age 
18-19 215 3.30 ± 0.71 1.352 0.509 3.29 ± 0.73 1.029 0.598 3.32 ± 0.84 1.885 0.39 
20-21 53 3.39 ± 0.71   3.31 ± 0.65   3.50 ± 0.90   
>21 22 3.39 ± 0.77   3.39 ± 0.75   3.39 ± 0.88   
Gender 
Male 174 3.35 ± 0.68 9627 0.506 3.31 ± 0.68 10071.5 0.977 3.40 ± 0.81 9460 0.364 
Non-male 116 3.30 ± 0.76   3.29 ± 0.76   3.30 ± 0.91   
Race 
White/Asian 250 3.30 ± 0.72 4088 0.064 3.28 ± 0.72 4194 0.1 3.33 ± 0.87 4310.5 0.159 
Underrepresented 40 3.50 ± 0.62   3.46 ± 0.67   3.54 ± 0.69   
Major 
Non-STEM 112 3.30 ± 0.72 9466.5 0.47 3.25 ± 0.72 9252 0.301 3.36 ± 0.90 9864 0.88 
STEM 178 3.34 ± 0.71   3.33 ± 0.71   3.36 ± 0.82   
College Year 
First year 190 3.31 ± 0.70 1.198 0.753 3.30 ± 0.74 1.404 0.705 3.34 ± 0.81 1.164 0.762 
Second year 63 3.43 ± 0.71   3.40 ± 0.63   3.46 ± 0.92   
Third year 18 3.20 ± 0.73   3.17 ± 0.63   3.24 ± 1.02   
Fourth year 19 3.23 ± 0.83   3.17 ± 0.83   3.32 ± 0.89   
Geology Enrollment 
Lecture and lab 267 3.34 ± 0.71 2406 0.085 3.32 ± 0.71 2463 0.114 3.37 ± 0.85 2639 0.261 
Lab only 23 3.12 ± 0.71   3.09 ± 0.75   3.15 ± 0.85   
Previous Field-High 
School 
Yes 67 3.40 ± 0.71 6824 0.282 3.37 ± 0.63 7035.5 0.468 3.44 ± 0.93 6877 0.322 
No 223 3.30 ± 0.71   3.28 ± 0.74   3.33 ± 0.82   
Previous Field-
College 
Yes 124 3.35 ± 0.75 9781 0.469 3.35 ± 0.71 9549 0.291 3.35 ± 0.93 10072.5 0.755 
No 166 3.31 ± 0.69   3.27 ± 0.71   3.36 ± 0.79   
Previous Virtual 
Reality 
Yes 143 3.35 ± 0.70 10044 0.513 3.33 ± 0.71 9877.5 0.373 3.38 ± 0.79 10343 0.814 
No 147 3.30 ± 0.73   3.27 ± 0.71   3.34 ± 0.91   
a. “±” indicates standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because p >.05, or for p values between 0.01 and 0.05 
failed the Holm’s-Bonferroni test (numbers with superscripted +).  
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6.4.2 Trial 4 quantitative results 
6.4.2.1 Attitudes toward virtual experiences 
There were 173 participants in eleven sections of introductory geology lab in Spring 
2019. Participants’ overall attitudes from the virtual experience were moderately positive 
(n=173, 3.35 ± 0.67) (Table 6.5). Participants attitudes were less positive for the virtual 
experience than for the classroom or outdoor experiences. Underrepresented students had 
the most positive overall attitudes toward virtual experiences (n=23, 3.53 ± 0.66). Students 
only enrolled in lab had the least positive overall attitudes toward virtual experiences 
(n=17, 3.12 ± 0.66). There were no statistically significant differences in students’ attitudes 
toward virtual field experiences. between groups in demographic categories.   
6.4.2.2 Virtual experiences as a learning tool 
Second-year students had the most positive attitudes toward virtual experiences as 
a learning tool (n=27, 3.45 ± 0.69). Students only enrolled in lab had the least positive 
attitudes toward virtual experience as a learning tool (n=17, 3.09 ± 0.65). There were no 
statistically significant differences between groups in demographic categories with respect 
to students’ attitudes toward the learning tool aspect of virtual field experiences. 
6.4.2.3 Social aspect of virtual experiences  
Underrepresented students had the most positive attitudes toward the social aspect 
of virtual experiences (n=23, 3.65 ± 0.86). The students only enrolled in lab (n=17, 3.02 ± 
0.86) had the least positive attitudes toward the social aspect of the virtual experiences. 
There was a statistically significant difference in attitudes toward outdoor experiences with 
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regard to the social aspect of the virtual experience between Asian/White students (mean 
rank= 83.74) and Underrepresented students (mean rank=108.24) (U= 1236.5, p=0.027).  
6.4.2.4 Adventurous aspect of virtual experiences 
Third-year students had the most positive attitudes toward the adventurous aspect 
of the virtual experiences (n=13, 3.69 ± 0.84). Students older than 21 (n=12, 3.11 ± 0.66) 
had the least positive attitudes toward the adventurous aspect of the virtual experiences. 
There were no statistically significant differences between groups in demographic 
categories with respect to students’ attitudes toward the adventurous aspect of virtual field 
experiences. 
6.4.2.5 Environmental aspect of virtual experiences 
Underrepresented students had the most positive attitudes toward the 
environmental aspect of the virtual experiences (n=23, 3.61 ± 0.71). Students only enrolled 
in lab had the least positive attitudes toward the environmental aspect of the virtual 
experiences (n=17, 3.16 ± 0.89). There were no statistically significant differences between 
groups in demographic categories with respect to students’ attitudes toward the 
environmental aspect of virtual field experiences. 
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Table 6.5: Quantitative results for participants’ attitudes toward virtual experiences. Virtual attitudes refers to students’ overall 
attitudes toward the virtual experience. Virtual-learning tool refers to students’ attitudes toward using the outdoor experience 
as a learning tool. Virtual-social refers to students’ attitudes toward the social nature of the virtual experience. 
   Attitudes toward Virtual Field Experiences 
Demographic Category n Virtual attitudesa H or Ub pc Virtual-learning toola H or Ub pc 
Virtual-
sociala H or Ub pc 
Virtual Experience Combined 173 3.35 ± 0.67   3.31 ± 0.68   3.35 ± 0.86   
Age 
18-19 127 3.33 ± 0.68 0.81 0.667 3.29 ± 0.70 0.29 0.865 3.33 ± 0.87 0.855 0.652 
20-21 34 3.47 ± 0.62 
  
3.41 ± 0.58   3.49 ± 0.88   
>21 12 3.23 ± 0.70 
  
3.24 ± 0.78   3.25 ± 0.68   
Gender 
Male 108 3.34 ± 0.65 3475.5 0.914 3.29 ± 0.67 3384 0.693 3.37 ± 0.82 3367.5 0.652 
Non-Male 65 3.38 ± 0.72 
  
3.35 ± 0.72   3.33 ± 0.93   
Race 
White or Asian 150 3.32 ± 0.67 1380 0.123 3.29 ± 0.68 1450 0.218 3.31 ± 0.85 1236.5 0.027 
Underrepresented 23 3.53 ± 0.66 
  
3.45 ± 0.69   3.65 ± 0.86   
Major 
Non-STEM 49 3.40 ± 0.65 2976 0.834 3.32 ± 0.67 2961 0.795 3.43 ± 0.90 2899 0.636 
STEM 124 3.33 ± 0.68 
  
3.31 ± 0.69   3.32 ± 0.84   
College Year 
First year 124 3.33 ± 0.69 1.069 0.784 3.29 ± 0.71 0.864 0.834 3.33 ± 0.87 1.062 0.786 
Second year 27 3.47 ± 0.63 
  
3.46 ± 0.61   3.44 ± 0.84   
Third year 13 3.43 ± 0.70 
  
3.33 ± 0.63   3.49 ± 1.01   
Fourth year 9 3.22 ± 0.54 
  
3.19 ± 0.62   3.26 ± 0.43   
Geology Enrollment 
Lab and Lecture 156 3.38 ± 0.67 992 0.088 3.34 ± 0.68 988 0.084 3.39 ± 0.85 1023 0.119 
Lab only 17 3.12 ± 0.66 
  
3.09 ± 0.65   3.02 ± 0.86   
Previous Field-HS 
Yes 34 3.40 ± 0.58 2315.5 0.856 3.38 ± 0.55 2218 0.579 3.40 ± 0.78 2346.5 0.949 
No 139 3.34 ± 0.69 
  
3.30 ± 0.71   3.34 ± 0.88   
Previous Field-College 
Yes 56 3.41 ± 0.75 2864.5 0.182 3.39 ± 0.73 2833 0.15 3.38 ± 0.99 3125.5 0.622 
No 117 3.32 ± 0.63 
  
3.28 ± 0.66   3.34 ± 0.80   
Previous VR 
Yes 94 3.33 ± 0.68 3636.5 0.816 3.28 ± 0.71 2833 0.68 3.32 ± 0.86 3125.5 0.656 
No 79 3.37 ± 0.66 
  
3.35 ± 0.65   3.39 ± 0.86   
a. “±” indicates standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because p >.05, or for p values between 0.01 and 0.05 
failed the Holm’s-Bonferroni test (numbers with superscripted +).  
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Table 6.5 (continued): Quantitative results for participants' attitudes toward virtual experiences. Virtual -adventurous refers to 
the adventurous nature of being in the virtual experience. Outdoor-Environmental refers to students’ attitudes toward the 
virtual experience used to increase awareness of the virtual environment. 
   Attitudes toward Virtual Field Experiences 
Demographic Category n Virtual-adventurousa H or Ub pc Virtual-environmentala H or Ub pc 
Virtual Experience Combined 173 3.47 ± 0.83   3.37 ± 0.79   
Age 
18-19 127 3.47 ± 0.86 3.571 0.168 3.33 ± 0.78 0.877 0.645 
20-21 34 3.61 ± 0.77   3.56 ± 0.77   
>21 12 3.11 ± 0.66   3.27 ± 0.90   
Gender 
Male 108 3.49 ± 0.79 3471.5 0.903 3.33 ± 0.75 3308 0.524 
Non-Male 65 3.45 ± 0.90   3.43 ± 0.84   
Race 
White or Asian 150 3.45 ± 0.82 1526.5 0.371 3.33 ± 0.79 1354 0.095 
Underrepresented 23 3.61 ± 0.90   3.61 ± 0.71   
Major 
Non-STEM 49 3.52 ± 0.78 2933 0.721 3.53 ± 0.82 2550.5 0.098 
STEM 124 3.45 ± 0.85   3.31 ± 0.77   
College Year 
First year 124 3.47 ± 0.86 1.469 0.689 3.32 ± 0.78 2.151 0.542 
Second year 27 3.42 ± 0.77   3.56 ± 0.80   
Third year 13 3.69 ± 0.84   3.52 ± 0.87   
Fourth year 9 3.33 ± 0.55   3.19 ± 0.72   
Geology Enrollment 
Lab and Lecture 156 3.50 ± 0.85 1050 0.156 3.39 ± 0.78 1158.5 0.39 
Lab only 17 3.25 ± 0.64   3.16 ± 0.89   
Previous Field-HS 
Yes 34 3.49 ± 0.78 2264.5 0.704 3.37 ± 0.78 2326.5 0.888 
No 139 3.47 ± 0.85   3.37 ± 0.79   
Previous Field-College 
Yes 56 3.57 ± 0.92 2797 0.117 3.40 ± 0.90 3184 0.764 
No 117 3.42 ± 0.78   3.35 ± 0.73   
Previous VR 
Yes 94 3.50 ± 0.81 2797 0.563 3.36 ± 0.76 3184 0.72 
No 79 3.43 ± 0.86   3.39 ± 0.82   
a. “±” indicates standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold results indicate statistically significant (p) differences between groups. Plain results indicate no significant difference between the groups either because 
p >.05, or for p values between 0.01 and 0.05 failed the Holm’s-Bonferroni test (numbers with superscripted +).  
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6.4.3 Qualitative explanation of students’ attitudes toward virtual experiences 
There were eight participants from the virtual experience who agreed to be 
interviewed. The interview participants were from a variety of majors, including the only 
geology major. Five participants (Quartz, Zircon, Topaz, Garnet, and Beryl) mentioned 
they had some previous virtual reality experiences. None of the non-male participants from 
the virtual experience mentioned any previous virtual reality experience (See Chapter 1:  
for full case description and summary of participant attributes).   
Participants had some positive attitudes toward the experience. Participants had positive 
attitudes of the experience related to the “cool” factor because the experience was in virtual 
reality. Opal, specifically, stated that she would re-engage with the virtual reality 
experience because it was a new educational medium: 
Opal: “I would definitely want to do it again. I thought it was a really good 
learning tool. I know it was just kind of something, like I've never 
experienced before. It was very cool.” 
Garnet also stated that there was nothing that was particularly interesting to him, but the 
experience as a whole was cool:  
VS: “Was anything, like, super interesting to you? Like…” 
Garnet: “Like super interesting? Nothing really comes to mind other 
than…I mean I thought the experience as a whole was kind of cool.” 
 208 
 
Some of the participants enjoyed that the activity had a narrative that was designed to 
motivate exploration. Onyx thought that having the narrator was slightly incongruous but 
also thought it added an element of fun: 
Onyx: “Yeah, a little bit. I just…because at first, when…because I think at 
the beginning of it when it starts the movie, and it's just like his narration at 
first, I was like, “Is this for geology? Like, am I in the right one?” You 
know? It was kind of weird; it was funny. But no, I mean…it kind of, like, 
made the experience more…like it made it more fun, I think. Like, having 
kind of, like, a character but also it was just…it was like “Ah…yeah.”” 
Garnet also thought the addition of a prospector narrative added a “cool” factor: 
Garnet: “I’m trying to think. I don't know if…I wouldn't say right off the 
bat. I mean, I thought it was pretty cool. I thought it was an interesting idea, 
definitely. I wouldn't have thought to…I wouldn't have thought to do this 
story that y’all did. The…the prospector and all that. I wouldn't have gone 
that way. That was just…” 
VS: [interrupted] “What way would you have gone?” 
Gartnet: “No, like, I…I…I just thought it was interesting. I just thought it 
was cool, like that's not a criticism at all. I think genuinely just like, “Wow, 
that’s kinda [sic] cool!”” 
 209 
 
Participants also had negative attitudes related to specific technical aspects of the virtual 
experience. Some participants experience technical issues with the experience. Quartz had 
technical issues such as pop-up messages on his screen:  
Quartz: “Well, for one thing, for me it seemed like it wasn't working, so 
when I put it on, it…a lot of white messages and stuff came up [VS: mm-
hmm]. You fixed that.” 
Some participants had negative attitudes toward the educational aspects of the virtual 
experience. Participants had issues figuring out what to do and where to look in the 
experience. Zircon did not know where to look initially in the experience, but eventually 
understood how the exercises in the experience worked:  
Zircon: “At first, it was difficult to understand what was going on, but over 
time, I got a good idea of what it wanted me to do.” 
Topaz also mentioned that he did not know where to look to find tools in the virtual 
environment: 
VS: “So, was there anything in the virtual experience that you didn't like?  
Topaz: “I guess getting started at first. I t was kind of hard to, you know, 
when it was telling you to look around for the tools I was like “Alright, 
where…?”” 
Beryl also did not know where to look in the virtual experience:  
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Beryl: “I think the hardest part for me was, like, figuring out where 
everything was, so, like, once I got to the spots, like, al-, like, I didn't know 
whether to look down sometimes, or to look up [VS: okay], like, which 
direction to look, [VS: okay] so, like, I think the guidance of it was a bit 
more difficult for me, but…” 
Pearl noted there was a place at the end of the virtual experience where she did not know 
what to look at:  
Pearl: “Yeah, I did. I think when we were…when it was the thing with the 
journal, [VS: mm-hmm] and we were actually looking at the wall of the 
Grand Canyon, I got confused. It took me like a while to figure out where I 
supposed to look.” 
Quartz and Opal had issues with figuring out the rounding of the grains in the rock because 
they could not distinguish between various rounding options on the rounding chart in the 
experience:  
Quartz: “…but I got a couple of them wrong just because some of them 
were…because it’d show the grain types and like…some of it just looked 
really similar…” 
Opal: “For those…the beginning part of it where you were like trying to 
figure out how it was sorted, what the rounding was, I was just really bad at 
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it. I got wrong…I got it wrong [VS: okay] a lot just ‘cause I think I couldn't 
tell which…” 
Many participants mentioned negative reactions to the virtual experience that were 
symptoms of cybersickness. Pearl mentioned being uncomfortable and blamed her 
discomfort on needing glasses:  
Pearl: “Yeah, it was uncomfortable, but I think I just need glasses.” 
Beryl specifically mentioned that he was enjoying the virtual experience until he started 
feeling nauseated, a symptom of cybersickness:  
VS: “…so, did you feel, like, at any point, I mean, besides…besides getting 
like dizzy and nauseous, did you kinda, [sic] at any point, did you feel like 
you forgot that you were in a…like, a room with other people?  
Beryl: “Yes, up until the point that I started to, like, feel, like, nauseous, so, 
like, the introduction, like, really hooked me, like, sitting down and then, 
like, it changed scenery, and you were there, like, at the Grand Canyon and 
the overlook, and it was the point where, like, when you first got there you 
could see the entire view I’m like “Wow, this is super cool.” I’ve…I've 
never been to the Grand Canyon or anything that so, I’m like, “Wow, this 
is, like, really neat, and, like, I just automatically wanted to look around and 
see more, [VS: mm-hmm] so I…I think at the beginning and when I was 
sort of, like, just starting to get into it, I definitely did feel like I was 
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immersed, but again I could start to, like, tell that I wasn't because of just 
like… 
VS: “How you were feeling? Just, like, literally not feeling it anymore.” 
Beryl: “Yeah, yeah.” 
Some participants mentioned that their arms were getting tired due to holding the headset 
after being prompted by the interviewer (the headset did not have straps): 
VS: “Did you notice your arms getting tired at any point?  
Topaz: “A little bit, but that was more towards the end. [VS: Okay] But I 
feel like for maybe others it probably more uncomfortable [VS: yeah].” 
Onyx also mentioned having tired arms after being prompted by the interviewer:  
VS: Did…did your arms get tired at all? 
Onyx: “Maybe a little bit towards the end just because you're holding them 
up, yeah.” 
 213 
 
6.5 Discussion 
6.5.1 Differences between attitudes toward the classroom experience 
Second-year students had the most positive overall attitudes toward the classroom 
experience than other demographic groups, as well as more positive attitudes toward the 
classroom experience as a learning tool and for teaching awareness of the environment 
than other demographic groups. Both interview participants from the classroom experience 
were second year students, and they stated that the classroom experience allowed them to 
connect knowledge they acquired in lecture and lab to the real world. However, there were 
no first, third, or fourth year interview participants from the classroom experience to 
explain why they may have felt differently about the classroom experiences than the second 
year students. Further, there is not a statistically significant difference between any 
demographic groups and their overall attitudes toward the classroom experience or to teach 
awareness of the environment; therefore, demographic groups experienced the classroom 
experience similarly.  
First-year students had the least positive overall attitudes toward the classroom 
experience, as well as the least positive attitudes toward the classroom experience as a 
learning tool and for teaching awareness of the environment. Because both interview 
participants from the classroom experience were second year students, there is not a 
qualitative explanation of why the first year students did not have more positive attitudes 
toward the classroom experience. However, the two classroom interview participants (both 
second year students) explained that while the classroom experience allowed them to apply 
skills learned in geology lecture and lab to a real-life context, the experience itself felt too 
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similar to their typical classroom exercises. It is also possible that the classroom 
participants had difficulty applying rock identification procedures they learned in the 
beginning of the semester to the classroom experience that they participated in two months 
later. The first year participants may have had memory recall issues with rock identification 
that could have made the experience frustrating for them.  
6.5.2 Differences between attitudes toward demographic groups within the outdoor 
experience 
Older and non-traditional students consistently had the most positive attitudes 
toward the outdoor experience. Students older than 21 had the most positive attitudes for 
all aspects of Trials 3 and 4 (overall, learning tool, and environmental), and fourth year 
students had the most positive attitudes for most aspects of Trial 4 (overall, learning tool, 
social, and environmental). Students older than 21 in Trials 3 and 4 had statistically 
significantly more positive attitudes toward the outdoor experience than 18-19-year-old 
students across multiple aspects (overall, learning tool, and environmental). Similarly, 
fourth year students in both Trials 3 and 4 and Trial 4 had statistically significantly more 
positive attitudes than first year students across multiple aspects (overall, learning tool). 
This study could not recruit fourth year or older students for interviews to explain why they 
may have more positive attitudes toward the outdoor experience. Sapphire, the only first 
year interview participant from the outdoor experience, had overall positive views toward 
the outdoor experience (see 5.3.2 Outdoor experience for full individual description). 
Sapphire enjoyed that the she could see an example of a skill she learned previously (rock 
identification) in a meaningful context at an outcrop; however, Sapphire mentioned her 
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uncertainty in what to draw at the outcrop. The ability to separate the salient aspects of an 
outcrop (foliation, folds, bedding, etc.) from nonessential ones is defined as signal-noise 
disembedding (Reynolds, 2012) and is a key competency for all levels of practicing 
geologists, even introductory geology students. Other first year students may have 
experienced frustration because they could not initially identify the important aspects of 
the geology in the outcrop, which could have influenced their opinion of the experience 
overall.  
Previous research has found that older students in introductory geology classes had 
greater motivation to learn geology than younger students (Gilbert et al., 2012). This study 
used a similar explanation for statistically significant differences in post-intervention 
interest between first- and second-year students in the classroom and virtual experiences 
(see Chapter 8: Results: Interest). Given that the only significant difference in overall 
attitudes scores was between the youngest and oldest students in Trials 3 and 4 and Trial 4 
individually, students may place greater value in outdoor experiences the longer they are 
in college or the older they are when they take courses with outdoor components.  
Further, STEM students had more positive attitudes than non-STEM students 
toward the outdoor experiences as a learning tool in Trials 3 and 4, as well as toward the 
adventurous aspect items of outdoor experiences asked during Trial 4 only (see Appendix 
F: Survey Items for items that were used for Trials 3 and 4 and Trial 4 only). However, 
there was not a significant difference in overall attitudes scores between STEM and non-
STEM majors for Trials 3 and 4 and Trial 4. The difference in attitudes toward the outdoor 
experience as a learning tool between STEM and non-STEM students could not be directly 
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explained by the interview participants because they were all STEM majors (civil 
engineering, computer science, and chemistry). Gilbert et al., 2012 found that non-STEM 
majors in introductory geology classes had statistically significantly lower overall 
motivation, intrinsic motivation, control beliefs, and self-efficacy than STEM majors.  
6.5.3 Differences between attitudes toward the virtual experience 
There were no statistically significant differences between demographic groups in 
attitudes toward the virtual experience. Underrepresented students had the most positive 
attitudes toward the virtual experience of all demographic groups. While students may have 
less positive attitudes toward the virtual experience than students in the other interventions, 
all demographic groups experienced the virtual experience similarly with no significant 
differences. Interview participants from the virtual experience mentioned the “cool” factor 
of virtual reality, especially using a novel technology (VR) as a learning tool. Participants 
mentioned the narrative added an element of fun to the experience. However, students 
mentioned technical issues, such as pop-up messages, and issues with not understanding or 
seeing instructions in the experience that contributed to negative attitudes toward the 
virtual experience. Some students also mentioned symptoms of cybersickness that led them 
to feeling uncomfortable and negative attitudes toward the experience.  
6.5.4 Differences between interventions 
Students in the outdoor experience had the most positive attitudes toward their 
respective intervention. The three outdoor experience interview participants enjoyed the 
hands-on, contextual nature of the experience and thought the outdoor experience was 
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effective as a learning tool because they could be in the same context (outdoor outcrop) as 
the information they were learning (geologic history of the region). They contrasted the 
outdoor experience with their typical geology lab class activities, remarking that they were 
encouraged to make conceptual connections they would not normally be encouraged to 
make in lab. One participant enjoyed that she could learn more about the area that she is 
from because of the outdoor experience, and another participant valued the outdoor 
experience because she could take people to the outcrop and explain its geological 
significance.  
Classroom experience students had the second most positive attitudes towards their 
respective intervention. Both interview participants mentioned that the experience helped 
them realize that the information that they learned in geology class and lab can be applied 
to other contexts, whereas prior to the classroom experience, they did not necessarily see 
an application for what they have learned in geology class. However, students in the 
classroom experience mentioned that they were not surprised by the experience.  
Students in the virtual experience had the least positive attitudes toward their 
respective intervention. Interview participants from the virtual experience had mixed 
attitudes about the experience. The students enjoyed the contextual nature of the experience 
because it allowed them to tie what they have learned in geology class and lab to an activity. 
They enjoyed that the virtual experience had a narrative that motivated their exploration 
and learning in the environment. The students also enjoyed the virtual experience’s setting 
in Grand Canyon. However, students’ negative opinions of the experience were related to 
the design of the experience. Specifically, multiple interview participants had some 
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symptoms of cybersickness, as well as feeling like they could did not know where to look 
to guide the experience. A promising result is that underrepresented students had the most 
positive attitudes toward the virtual experience. The introduction of a new educational 
medium  
A promising result is that students in each of the experiences felt they could apply 
a skill, such as rock identification, to a context, whether it be in a classroom, outside, or in 
a virtual environment. Each of the experiences had its own affordances, such as being in 
the typical lab in the classroom experience, being able to touch and feel the real rocks in 
the outdoor experience and being able to visit Grand Canyon in the virtual experience. 
However, each of the experiences also had its own drawbacks, such as not having 
interesting or surprising aspects in the classroom experience, getting muddy and walking 
across slippery bridges in the outdoor experience, and having to deal with some technical 
issues or cybersickness in the virtual experience.  
6.6 Limitations 
A limitation of this study is that the Attitudes toward Field Trips survey created by 
Orion and Hofstein (1991) was validated and designed for high school students. The 
participants in our study were college students and ranged in age from 18 to students older 
than 21. Another limitation with using this survey is that while the classroom and outdoor 
experiences had social aspects inherent to those experiences, such as students chatting in 
groups in the classroom experience and chatting with each other and answering questions 
in the outdoor experience, the virtual experience was designed to not be social in order to 
limit any disturbances to the students’ sense of presence. Therefore, the social aspect 
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questions that students answered for the Attitudes toward Virtual Experiences survey were 
not truly reflective of the reality of the virtual exercise.  
Another limitation of this study is that classroom experiences were only conducted 
in Trial 3 (Fall 2018). Due to survey administration issues, a full quantitative picture of 
students’ attitudes toward the classroom experiences could not be created. Moreover, 
classroom experiences were not included in Trial 4 in Spring 2019 because recruiting 
interview participants from the outdoor experiences was the main priority of Trial 4. 
Outdoor experiences were originally intended for two days and eight sections of lab 
students. However, weather conditions worsened, and lab sections were moved indoors, 
and the students completed the virtual experiences instead. Another limitation was that the 
only two interview recruits from the classroom experiences were second year students, and 
the statistically significant difference in attitudes between the first and second year students 
could not be qualitatively explained.  
A limitation of this study was that only cursory quantitative analysis could be 
completed before interviews were conducted. Therefore, interest changes in geology and 
convenience sampling were the only two determinants used to choose interview 
participants, and participants could not be selected to explain specific quantitative results 
determined with later analysis (e.g., differences in attitudes between younger and older 
students).  
6.7 Future Considerations 
A future consideration of this work is to recruit interview participants from older 
age groups to explain why they have more positive attitudes than younger students toward 
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the classroom and outdoor experiences. This may be a strength that older and non-
traditional students bring to introductory geology classes.  
Another future consideration is to determine what aspects of the experience could 
be enhanced to bolster young and non-STEM students’ attitudes toward the outdoor 
experiences. Gilbert et al., (2012) noted that young and non-STEM students in introductory 
classes at seven post-secondary institutions across the United States also had low scores 
across multiple motivation aspects. A suggestion by Gilbert et al. (2012) to engage young 
and non-STEM students is to improve student attitudes, specifically task-value and 
intrinsic motivation, early in the course.  
Another future consideration of this work is to see if students had different attitudes 
toward the virtual experience if it was set at a local geologic landmark instead of Grand 
Canyon. An interview participant in the classroom experience remarked that he would have 
enjoyed the experience more if the outcrop in the poster on the wall represented a local 
geologic landmark that he could also visit in his free time; outdoor participants remarked 
that they enjoyed the experience because it was in a convenient location to visit with 
friends, and they learned more geology about the area where they go to college. It would 
be interesting to see if students had similar reactions to the outdoor experience for 
classroom and virtual experiences that simulated a trip to a local geology landmark.  
6.8 Conclusions 
Students in the outdoor experience had the most positive overall attitudes toward 
their respective intervention. Students mentioned they enjoyed being able to apply 
knowledge and procedures they have already learned in lecture and lab to an educational 
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context that is attached to prior meaning, a place on campus. The students in the classroom 
experience had the secondmost positive overall attitudes. While the participants in the 
classroom experience related their positive reactions to making connections between 
geology concepts for the first time, they mentioned that the experience was similar to a 
typical classroom experience that was missing surprising elements. While students in the 
virtual experience had the least positive overall attitudes toward their intervention, they 
enjoyed the narrative aspect of the experience as well as the sense of place they felt while 
in the experience. However, their less-positive attitudes were likely related to design 
elements such as text that was difficult to read, not knowing where to look to advance the 
experience, as well as repetitive elements like rock identification. The students interviewed 
from the virtual experience also mentioned having symptoms of cybersickness that 
contributed to negative opinions of the experience. Future considerations of this work 
include making changes to virtual experience design to improve students’ attitudes, as well 
as specific interview participant selection to explain students’ differences in attitudes for 
the classroom and outdoor experiences. Future considerations derived from this work 
should include using local places in classroom and virtual experiences to bolster student 
sense of place.  
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CHAPTER 7:  RESULTS-INTEREST 
7.1 Overview 
Students in introductory geology laboratory classes for this study were given pre- 
and post-intervention surveys to measure their interest, attitudes, and presence, and a subset 
of students participated in post-intervention interviews about their experience. This chapter 
reports results for the interest in geology scales from the survey. These were modified from 
Harackiewicz et al. (2008), who developed the Interest in Psychology scale to measure 
interest in psychology students. Trials 1 and 2 were used to assess a version of the virtual 
experience when it was in developmental stages (See Preliminary Virtual Experience 
Development-Trials 1). However, results presented here are from the main study and 
combined the results from the third and fourth rounds of trials (Trials 3 and 4) into a larger 
sample size. Trial 3 was administered in Fall 2018, and Trial 4 was administered in Spring 
2019 (see 4.2 Data Collection).  
7.2 Trials 3 and 4 Interest Results 
There were 467 participants from 28 sections of introductory geology laboratory in 
this study (Table 7.1). The majority of students were 18-19 years of age (68%), first year 
(57%), male (87%), White or Asian (63%), and STEM majors (61%). Most students were 
taking the lab in conjunction with introductory geology lecture (92%). Most students did 
not have previous field experiences in high school (78%) or college (55%). Nearly half 
(49%) of participants had previously experienced some form of virtual reality.  
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Table 7.1: Demographic summary of research participants. 
Demographic Category n 
% of total 
participants 
Age 
18-19 318 68 
20-21 107 23 
>21 42 9 
Gender 
Male 292 87 
Non-Male 175 13 
Race 
White/Asian 405 63 
Underrepresented 62 37 
Major 
Non-STEM 183 39 
STEM 284 61 
College Year 
First year 266 57 
Second year 103 22 
Third year 54 12 
Fourth year 44 9 
Geology 
Enrollment 
Lecture and lab 429 92 
Lab only 38 8 
Previous Field-
High School 
Yes 104 22 
No 363 78 
Previous Field-
College 
Yes 208 45 
No 259 55 
Previous Virtual 
Reality 
Yes 229 49 
No 238 51 
  Total 467 100 
7.2.1 Classroom experience 
7.2.1.1 Changes in interest in geology-pre-/post-intervention 
There were 63 participants in the three sections of the classroom experience. 
Overall, students in the classroom experience did not experience statistically significant 
changes in interest in geology based on results from the Wilcoxon Signed Ranks Test (z=-
1.66, p=0.097) (Table 7.2).. However, some demographic groups exhibited statistically 
significant changes in interest in geology before and after the classroom experience. STEM 
majors had statistically significant increases in interest after the classroom experience (z=-
2.244, p=0.025). Second-year students also had statistically significant increases in 
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geology interest after the classroom experience (z=-2.044, p=0.041). Students enrolled in 
both lecture and lab also had statistically significant increases in geology after the 
classroom experience (z=-2.002, p=0.045). Students without prior virtual reality 
experience had significant increases after the classroom experience (z=-2.539, p=0.011).  
7.2.1.2 Differences in interest in geology between demographic groups 
Based on the Mann-Whitney U test, there was a statistically significant difference 
in pre-intervention interest in geology between male (mean rank=36.2) and non-male 
(mean rank=22.98) participants (U=249.5, p=0.008), as well as a statistically significant 
difference in post-intervention interest in geology between male (mean rank=35.95) and 
non-male (mean rank=23.5) participants (U=260, p=0.012) (Table 7.3) There was a 
statistically significant difference in pre-intervention interest in geology between STEM 
(mean rank=37.97) and non-STEM (mean rank=26.22) participants (U=311, p=0.011), as 
well as statistically significant difference in post-intervention interest in geology between 
STEM (mean rank=40.08) and non-STEM (mean rank=24.17) participants (U=245.5, 
p=0.001) (Table 7.3).  
There was a statistically significant difference in post-intervention interest in 
geology between first year (mean rank=25.48) and second year (mean rank=38.33) 
students (H(4) = 10.606, p=0.013) (Table 7.3). 
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Table 7.2: Pre- and post-intervention interest in geology means across demographic groups and categories for participants in 
the classroom experience. 
 
    Interest in Geology 
Demographic Category n Pre-interventiona Post-interventiona zb pc r2d 
Classroom Experience Combined 63 3.13 ± 0.82 3.27 ± 0.74 -1.66 0.097  
Age 
18-19 31 3.05 ± 0.81 3.2 ± 0.87 -1.264 0.206  
20-21 21 3.11 ± 0.89 3.28 ± 0.57 -1.008 0.313  
>21 11 3.40 ± 0.71 3.47 ± 0.66 -0.534 0.594  
Gender 
Male 43 3.30 ± 0.72 3.42 ± 0.73 -1.214 0.225  
Non-male 20 2.77 ± 0.90 2.94 ± 0.66 -1.139 0.255  
Race 
White/Asian 57 3.11 ± 0.82 3.26 ± 0.74 -1.494 0.135  
Underrepresented 6 3.31 ± 0.82 3.39 ± 0.77 -0.943 0.345  
Major 
Non-STEM 32 2.87 ± 0.82 2.97 ± 0.74 -0.383 0.701  
STEM 31 3.40 ± 0.73 3.58 ± 0.61 -2.244 0.025 0.16 
College Year 
First year 22 2.82 ± 0.79 2.92 ± 0.83 -0.601 0.548  
Second year 12 3.44 ± 0.61 3.74 ± 0.52 -2.044 0.041 0.35 
Third year 16 3.08 ± 0.93 3.23 ± 0.58 -0.543 0.587  
Fourth year 13 3.43 ± 0.75 3.49 ± 0.68 -0.454 0.65  
Geology Enrollment 
Lecture and lab 54 3.06 ± 0.79 3.24 ± 0.74 -2.002 0.045 0.07 
Lab only 9 3.58 ± 0.88 3.44 ± 0.78 -0.533 0.594  
Previous Field-High School Yes 18 3.20 ± 0.64 3.22 ± 0.6 -0.305 0.76  
No 45 3.10 ± 0.88 3.29 ± 0.8 -1.823 0.068  
Previous Field-College 
Yes 39 3.19 ± 0.87 3.31 ± 0.78 -0.83 0.406  
No 24 3.04 ± 0.73 3.21 ± 0.68 -1.586 0.113  
Previous Virtual Reality 
Yes 29 3.28 ± 0.84 3.23 ± 0.81 -0.497 0.619  
No 34 3.00 ± 0.78 3.31 ± 0.69 -2.539 0.011 0.19 
a. “±” indicates mean and standard deviation.  
b. Non-parametric Wilcoxon signed-rank test (z) for comparing two scores from the same population.  
c. Bold numbers indicate statistically significant (p) differences between groups. Plain numbers indicate no significant difference between the 
groups either because p >.05. 
d. r-squared correlation coefficient for effect size.  
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Table 7.3: Interest differences between demographic categories for the classroom experience. 
    Interest in Geology 
Demographic Category n Pre-Interventiona 
H or 
Ub pc η2H or η2d Post-Interventiona H or Ub pc η2H or η2d 
Classroom 
Experience Combined 63 3.13 ± 0.82    3.27 ± 0.74    
Age 
18-19 31 3.05 ± 0.81 1.739 0.419  3.20 ± 0.87 0.842 0.656  
20-21 21 3.11 ± 0.89    3.28 ± 0.57    
>21 11 3.40 ± 0.71    3.47 ± 0.66    
Gender 
Male 43 3.3 ± 0.72 249.5 0.008 0.11 3.42 ± 0.73 260 0.012 0.10 
Non-male 20 2.77 ± 0.90    2.94 ± 0.66    
Race 
White/Asian 57 3.11 ± 0.82 147.5 0.581  3.26 ± 0.74 168 0.944  
Underrepresented 6 3.31 ± 0.82    3.39 ± 0.77    
Major 
Non-STEM 32 2.87 ± 0.82 311 0.011 0.10 2.97 ± 0.74 245.5 0.001 0.19 
STEM 31 3.40 ± 0.73    3.58 ± 0.61    
College Year 
First year 22 2.82 ± 0.79 6.072 0.108  2.92 ± 0.83 10.606 0.013 0.13 
Second year 12 3.44 ± 0.61    3.74 ± 0.52    
Third year 16 3.08 ± 0.93    3.23 ± 0.58    
Fourth year 13 3.43 ± 0.75    3.49 ± 0.68    
Geology 
Enrollment 
Lecture and lab 54 3.06 ± 0.79 160 0.102  3.24 ± 0.74 216 0.595  
Lab only 9 3.58 ± 0.88    3.44 ± 0.78    
Previous Field-
High School 
Yes 18 3.20 ± 0.64 400.5 0.945  3.22 ± 0.60 380.5 0.709  
No 45 3.10 ± 0.88    3.29 ± 0.80    
Previous Field-
College 
Yes 39 3.19 ± 0.87 420.5 0.5  3.31 ± 0.78 455 0.854  
No 24 3.04 ± 0.73    3.21 ± 0.68    
Previous Virtual 
Reality 
Yes 29 3.28 ± 0.84 402.5 0.211  3.23 ± 0.81 465.5 0.704  
No 34 3.00 ± 0.78    3.31 ± 0.69    
 
a. “±” indicates mean and standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold numbers indicate statistically significant (p) differences between groups. Normal numbers indicate no significant difference between the groups either because p >.05.  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons were not done if the Kruskal-
Wallis test showed no significant difference between any of the groups.  
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7.2.1.3 Qualitative explanation of interest in geology after the classroom experience 
Overall, the classroom experience participants did not have statistically significant 
differences between pre- and post-intervention interest in geology scores. However, some 
demographic groups (STEM majors, students in a geology class for the first time, and 
second year students) in the classroom experience exhibited statistically significant 
changes in interest in geology after the classroom experience. Jasper, a male, sophomore, 
psychology major, did not have previous interest prior to enrolling in geology. Jasper 
enjoyed aspects of the lecture class, such as alternative energy sources, but did not 
explicitly mention any aspects of the classroom experience that changed his interest in 
geology. I asked Ruby, a non-male, sophomore, computer science major who had 
significant prior interest in geology and grew up around friends’ parents who were 
geologists, if anything surprised her about the experience and she replied: 
Ruby: “I don’t know. I wasn’t really that surprised.” 
Ruby did not think that the classroom experience had surprising elements to it. However, 
this does not explain why other STEM students did think the classroom experience was 
interesting.  
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7.2.2 Outdoor experience 
7.2.2.1 Pre-/post-intervention interest changes 
There were one 114 participants in the 7 sections of the outdoor experience. 
Overall, students in the outdoor experience showed statistically significant increases in 
interest in geology (z=-3.632, p<.0001). Most demographic groups exhibited statistically 
significant changes in interest in geology from before to after the outdoor experience (Table 
7.4). 18-19-year-olds (z=-2.481, p=0.013), as well as participants older than 21 had 
statistically significant increases in geology interest (z=-2.31, p=0.021). Male (z=-2.142, 
p=0.032) and non-male students (z=-3.231, p=0.001) had statistically significant increases 
in geology interest. White/Asian (z=-3.0709, p=0.002) and underrepresented students (z=-
1.965, p=0.049) had statistically significant increases in geology interest. STEM (z=-2.899, 
p=0.004) and non-STEM majors (z=-2.184, p=0.029) had statistically significant increases 
in geology interest. Second-year students (z=-2.346, p=0.019) had statistically significant 
increases in geology interest. Students enrolled in lecture and lab (z=-3.303, p=0.001) and 
lab only (z=-2.201, p=0.028) had statistically significant increases in geology interest. 
Students with (z=-2.314, p=0.021) and without (z=-2.951, p=0.003) high school field 
experiences had statistically significant increases in geology interest. Students with (z=-
1.998, p=0.046) and without (z=-3.04, p=0.002) college field experiences had statistically 
significant increases in geology interest. Students with (z=-2.456, p=0.014) and without 
(z=-2.666, p=0.008) prior virtual reality experience.  
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Table 7.4: Pre- and post-intervention interest in geology means across demographic 
groups and categories for participants in the outdoor experience. 
    Interest in Geology 
Demographic Category n 
Pre-
interventiona 
Post-
interventiona zb pc r2d 
Outdoor 
Experience 
Combined 114 3.17 ± 0.77 3.38 ± 0.85 -3.632 <0.0001 0.12 
Age 
18-19 72 3.06 ± 0.74 3.21 ± 0.84 -2.481 0.013 0.09 
20-21 33 3.44 ± 0.79 3.65 ± 0.78 -1.689 0.091  
>21 9 3.08 ± 0.78 3.77 ± 0.90 -2.31 0.021 0.59 
Gender 
Male 75 3.23 ± 0.73 3.36 ± 0.79 -2.142 0.032 0.06 
Non-male 39 3.07 ± 0.83 3.43 ± 0.97 -3.231 0.001 0.27 
Race 
White/Asian 98 3.19 ± 0.80 3.38 ± 0.89 -3.079 0.002 0.10 
Underrepresented 16 3.06 ± 0.58 3.41 ± 0.58 -1.965 0.049 0.24 
Major 
Non-STEM 39 2.75 ± 0.75 3.05 ± 0.91 -2.184 0.029 0.12 
STEM 75 3.39 ± 0.69 3.56 ± 0.77 -2.899 0.004 0.11 
College Year 
First year 54 3.06 ± 0.70 3.20 ± 0.85 -1.727 0.084  
Second year 28 3.11 ± 0.87 3.43 ± 0.80 -2.346 0.019 0.20 
Third year 20 3.36 ± 0.76 3.54 ± 0.77 -1.344 0.179  
Fourth year 12 3.50 ± 0.77 3.84 ± 0.96 -1.923 0.055  
Geology 
Enrollment 
Lecture and lab 108 3.15 ± 0.77 3.34 ± 0.84 -3.303 0.001 0.10 
Lab only 6 3.60 ± 0.67 4.07 ± 0.71 -2.201 0.028 0.81 
Previous Field-
High School 
Yes 19 3.16 ± 0.81 3.43 ± 0.88 -2.314 0.021 0.28 
No 95 3.17 ± 0.76 3.37 ± 0.85 -2.951 0.003 0.09 
Previous Field-
College 
Yes 45 3.21 ± 0.87 3.44 ± 0.90 -1.998 0.046 0.09 
No 69 3.15 ± 0.70 3.35 ± 0.82 -3.04 0.002 0.13 
Previous Virtual 
Reality 
Yes 57 3.20 ± 0.75 3.40 ± 0.86 -2.456 0.014 0.11 
No 57 3.14 ± 0.80 3.36 ± 0.84 -2.666 0.008 0.12 
7.2.2.2 Differences in interest in geology between demographic groups 
There was a statistically significant difference in post-intervention interest in 
geology between students enrolled in lecture and lab (mean rank=55.96) and students only 
in lab (mean rank=85.17) (U=158, p=0.035) (Table 7.5).  
 
 
a. “±” indicates mean and standard deviation.  
b. Non-parametric Wilcoxon signed-rank test (z) for comparing two scores from the same population.  
c. Bold numbers indicate statistically significant (p) differences between groups. Plain numbers indicate no significant difference between the 
groups either because p >.05. 
d. r-squared correlation coefficient for effect size.  
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Table 7.5: Interest differences between demographic categories for the outdoor experience. 
    Interest in Geology 
Demographic Category n Pre-interventiona 
H or 
Ub pc Post-interventiona 
H or 
Ub pc 
η2H or 
η2d 
Outdoor Experience Combined 114 3.17 ± 0.77   3.38 ± 0.85    
Age 
18-19 72 3.06 ± 0.74 5.757 0.056 3.21 ± 0.84 7.364 0.025  
20-21 33 3.44 ± 0.79   3.65 ± 0.78    
>21 9 3.08 ± 0.78   3.77 ± 0.90    
Gender 
Male 75 3.23 ± 0.73 1266 0.24 3.36 ± 0.79 1449 0.936  
Non-male 39 3.07 ± 0.83   3.43 ± 0.97    
Race 
White/Asian 98 3.19 ± 0.80 703.5 0.511 3.38 ± 0.89 778 0.961  
Underrepresented 16 3.06 ± 0.58   3.41 ± 0.58    
Major 
Non-STEM 39 2.75 ± 0.75 4546.5 0.356 3.05 ± 0.91 4608.5 0.426  
STEM 75 3.39 ± 0.69   3.56 ± 0.77    
College Year 
First year 54 3.06 ± 0.70 5.793 0.122 3.20 ± 0.85 5.743 0.125  
Second year 28 3.11 ± 0.87   3.43 ± 0.80    
Third year 20 3.36 ± 0.76   3.54 ± 0.77    
Fourth year 12 3.50 ± 0.77   3.84 ± 0.96    
Geology Enrollment 
Lecture and lab 108 3.15 ± 0.77 221.5 0.193 3.34 ± 0.84 158 0.035 0.04 
Lab only 6 3.60 ± 0.67   4.07 ± 0.71    
Previous Field-High School 
Yes 19 3.16 ± 0.81 880 0.864 3.43 ± 0.88 846 0.667  
No 95 3.17 ± 0.76   3.37 ± 0.85    
Previous Field-College 
Yes 45 3.21 ± 0.87 1377 0.308 3.44 ± 0.90 1455 0.571  
No 69 3.15 ± 0.70   3.35 ± 0.82    
Previous Virtual Reality 
Yes 57 3.20 ± 0.75 1522.5 0.563 3.40 ± 0.86 1489.5 0.443  
No 57 3.14 ± 0.80   3.36 ± 0.84    
a. “±” indicates mean and standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold numbers indicate statistically significant (p) differences between groups. Normal numbers indicate no significant difference between the groups either because p >.05.  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons were not done if the Kruskal-
Wallis test showed no significant difference between any of the groups.  
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7.2.2.3 Qualitative explanation of interest changes from the outdoor experience 
Overall, students in the outdoor experience had statistically significant interest 
changes between their pre- and post-intervention interest in geology. All three participants 
interviewed from the outdoor experience were from Spring 2019 outdoor sections (no 
students volunteered to be interviewed from the outdoor experiences in Fall 2018). 
Amethyst, a sophomore, non-male, civil engineering major, liked that the experience was 
outside and that she could learn more about the geologic history of how a rock formed and 
assign more value to rocks: 
Amethyst: “That was pretty cool. Instead of, like, just looking at a rock and 
being like, “Oh, yeah, a rock” like, you understand, like, the value of that 
rock, I guess.” 
Citrine, a sophomore, non-male, chemistry student enjoyed the hands-on, applicable nature 
of the outdoor experience: 
Citrine: “I don't know. I guess, like, the hands-on activity was what I had 
been hoping for. I think maybe like getting outside more and, like, teaching 
by, like, asking questions and, like, forcing us to make connections makes 
us learn things rather than, like, memorize them.” 
Sapphire is a freshman, non-male, computer science student who, like Amethyst and 
Citrine, enjoyed learning outside and having a hands-on geology learning experience: 
 232 
 
Sapphire: “Outcrop? [Yeah] When we were actually at the outcrop, that was 
the…I think that was the most interesting part for me because it was like 
something that I could actually see instead of, like, looking at a paper.” 
Interest changes after the outdoor experience were related to students’ opinions that the 
experience afforded them the ability to go outside and attend class in a different setting. 
Interest changes were also likely related to the hands-on, applicable nature of the 
experience, particularly since the outcrop was in an area with which they are familiar.  
7.2.3 Virtual experience 
7.2.3.1 Pre-/post-intervention interest changes 
There were 114 participants in the 18 sections of the virtual experience. Overall, 
students in the virtual experience showed statistically significant changes in interest in 
geology (z=-5.533, p<.0001) from before to after the experience. Most demographic 
groups exhibited statistically significant changes in interest in geology before and after the 
outdoor experience (Table 7.6). 18-19-year-olds (z=-5.428, p<.0001), as well as students 
who were older than 21 (z=-2.670, p=0.008) had statistically significant increases in 
geology interest from before to after the virtual experience. Male (z=-3.807, p<.0001) and 
non-male students (z=-4.016, p<.0001) had statistically significant increases in geology 
interest from before to after the virtual experience. White/Asian (z=-5.102, p<.0001) and 
underrepresented students (z=-2.035, p=0.042) had statistically significant increases in 
geology interest from before to after the virtual experience. STEM (z=-4.976, p<.0001) 
and non-STEM majors (z=-2.569, p=0.01) had statistically significant increases in geology 
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interest from before to after the virtual experience. First-year students (z=-4.788, p<.0001) 
had statistically significant increases in geology interest from before to after the virtual 
experience. Students enrolled in lecture and lab (z=-5.793, p<.0001) had statistically 
significant increases in geology interest from before to after the virtual experience. 
Students without (z=-5.561, p<.0001) high school field experiences had statistically 
significant increases in geology interest from before to after the virtual experience. 
Students without (z=-5.754, p<.0001) college field experiences had statistically significant 
increases in geology interest from before to after the virtual experience. Students with (z=-
4.367, p<.0001) and without (z=-3.445, p=0.001) prior virtual reality experiences had 
statistically significant increases in geology interest from before to after the virtual 
experience.  
7.2.3.2 Differences in interest in geology between demographic groups 
There was a statistically significant difference in pre-intervention interest in 
geology between STEM (mean rank=162.77) and non-STEM (mean rank=118.06) 
participants (U=6894.5, p<.0001), as well as a statistically significant difference in post-
intervention interest in geology between STEM (mean rank=165.04) and non-STEM 
(mean rank=114.44) participants (U=6489, p<.0001) (Table 7.7). 
There was a statistically significant difference in pre-intervention interest in geology 
between first year (mean rank=137.72) and second year (mean rank=178.75) students 
(H(4) =13.244, p=0.005).  
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Table 7.6: Pre- and post-intervention interest in geology means across demographic 
groups and categories for participants in the virtual experience 
    Interest in Geology 
Demographic Category n Pre-Interventiona Post-Interventiona zb pc r2d 
Virtual 
Experience 
Combined 290 3.20 ± 0.82 3.39 ± 0.87 -5.533 <0.0001 0.11 
Age 
18-19 215 3.16 ± 0.82 3.37 ± 0.88 -5.428 <0.0001 0.14 
20-21 53 3.27 ± 0.86 3.28 ± 0.88 -.056 0.955  
>21 22 3.43 ± 0.81 3.80 ± 0.75 -2.670 0.008 0.32 
Gender 
Male 174 3.27 ± 0.77 3.44 ± 0.81 -3.807 <0.0001 0.08 
Non-male 116 3.09 ± 0.90 3.31 ± 0.96 -4.016 <0.0001 0.14 
Race 
White/Asian 250 3.22 ± 0.80 3.41 ± 0.86 -5.102 <0.0001 0.10 
Underrepresented 40 3.07 ± 0.97 3.27 ± 0.98 -2.035 0.042 0.10 
Major 
Non-STEM 112 2.91 ± 0.90 3.07 ± 0.94 -2.569 0.01 0.06 
STEM 178 3.38 ± 0.72 3.59 ± 0.77 -4.976 <0.0001 0.14 
College Year 
First year 190 3.13 ± 0.83 3.33 ± 0.88 -4.788 <0.0001 0.12 
Second year 63 3.53 ± 0.71 3.66 ± 0.76 -1.947 0.052  
Third year 18 2.92 ± 0.93 3.00 ± 1.12 -.647 0.518  
Fourth year 19 3.10 ± 0.83 3.43 ± 0.70 -1.771 0.076  
Geology 
Enrollment 
Lecture and lab 267 3.20 ± 0.81 3.40 ± 0.87 -5.793 <0.0001 0.13 
Lab only 23 3.20 ± 1.00 3.22 ± 0.91 -.130 0.897  
Previous Field-
High School 
Yes 67 3.38 ± 0.73 3.47 ± 0.88 -1.346 0.178  
No 223 3.14 ± 0.84 3.36 ± 0.87 -5.561 <0.0001 0.14 
Previous Field-
College 
Yes 124 3.27 ± 0.79 3.34 ± 0.90 -1.823 0.068  
No 166 3.15 ± 0.85 3.43 ± 0.86 -5.754 <0.0001 0.20 
Previous Virtual 
Reality 
Yes 143 3.20 ± 0.83 3.41 ± 0.89 -4.367 <0.0001 0.13 
No 147 3.20 ± 0.82 3.37 ± 0.86 -3.445 0.001 0.08 
a. “±” indicates mean and standard deviation.  
b. Non-parametric Wilcoxon signed-rank test (z) for comparing two scores from the same population.  
c. Bold numbers indicate statistically significant (p) differences between groups. Plain numbers indicate no significant difference between the 
groups either because p >.05. 
d. r-squared correlation coefficient for effect size.  
 235 
 
Table 7.7: Interest differences between demographic categories for the virtual experience. 
     Interest in Geology  
Demographic Category n Pre-interventiona H or Ub pc η2H or η2d Post-interventiona H or Ub pc 
η2H 
or 
η2d 
Virtual Experience Combined 290 3.20 ± 0.82    3.39 ± 0.87    
Age 
18-19 215 3.16 ± 0.82 3.745 0.154  3.37 ± 0.88 5.636   
20-21 53 3.27 ± 0.86    3.28 ± 0.88    
>21 22 3.43 ± 0.81    3.80 ± 0.75    
Gender 
Male 174 3.27 ± 0.77 8778 0.06  3.44 ± 0.81 9217   
Non-male 116 3.09 ± 0.90    3.31 ± 0.96    
Race 
White/Asian 250 3.22 ± 0.80 4546.5 0.356  3.41 ± 0.86 4608.5   
Underrepresented 40 3.07 ± 0.97    3.27 ± 0.98    
Major 
Non-STEM 112 2.91 ± 0.90 6894.5 <0.0001 0.07 3.07 ± 0.94 6489 0.006 0.09 
STEM 178 3.38 ± 0.72    3.59 ± 0.77    
College Year 
First year 190 3.13 ± 0.83 13.244 0.005 0.04 3.33 ± 0.88 8.391   
Second year 63 3.53 ± 0.71    3.66 ± 0.76    
Third year 18 2.92 ± 0.93    3.00 ± 1.12    
Fourth year 19 3.10 ± 0.83    3.43 ± 0.70    
Geology Enrollment 
Lecture and lab 267 3.20 ± 0.81 2935.5 0.726  3.40 ± 0.87 2594   
Lab only 23 3.20 ± 1.00    3.22 ± 0.91    
Previous Field-High 
School 
Yes 67 3.38 ± 0.73 6308 0.053  3.47 ± 0.88 6989   
No 223 3.14 ± 0.84    3.36 ± 0.87    
Previous Field-College 
Yes 124 3.27 ± 0.79 9619.5 0.341  3.34 ± 0.90 9624.5   
No 166 3.15 ± 0.85    3.43 ± 0.86    
Previous Virtual Reality 
Yes 143 3.20 ± 0.83 10445.5 0.927  3.41 ± 0.89 10100.5   
No 147 3.20 ± 0.82    3.37 ± 0.86    
a. “±” indicates mean and standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold numbers indicate statistically significant (p) differences between groups. Normal numbers indicate no significant difference between the groups either because p >.05.  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise comparisons were not done if the Kruskal-
Wallis test showed no significant difference between any of the groups.  
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7.2.3.3 Qualitative explanation of interest in geology changes after the virtual experience 
Virtual experience interview participants (n=8) were from both Fall 2018 (n=7) and 
from Spring 2019 (n=1). Opal, a freshman, non-male, geology major, with significant 
initial interest in geology, expressed that the virtual experience made her excited for 
geology field experiences to come:  
Opal: “I think that it makes me excited for it, like seeing the tools there and tac-, 
like being able to tactilly [sic], tactilly [sic], whatever that word is [VS: yeah] 
actually touch this stuff and do things with it. I think that's really cool and have the 
physical tests, like I think that the acid and the…What was the other…oh…with a 
magnifying glass were really cool touches to make it seem more like you were 
actually there touching the things.” 
Zircon, a first year, male, civil engineering major with significant prior geology interest, 
made multiple suggestions about the virtual experience, such as how to make the 
environment seem more realistic. Zircon specifically suggested an environment that will 
allow students the ability to explore freely and adding realistic animations that would 
improve their sense of presence:  
Zircon: “How I feel about geology? Well, the VR experience did show that, like I 
was explaining that, a geo- a VR experience could definitely be achieved, like 
starting with this foundation, we could reach level of something, like, do you know 
what Skyrim is?...Not with…not with all its complex rules and complex stuff, but 
basically to the level of…interact- you’re able to interact with a lot and just, 
(inaudible) all over the place.” 
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Zircon stated that with adding the ability to move around freely and explore the 
environment, an improved virtual reality geology field experience could provide a greater 
sense of learning that is situated at a location:  
Zircon: “With the experience…I guess so, like, in the experience, definitely…like, 
even though the rock was there right in front of me, I can imagine with this proposed 
game I have, like, proposed for your experience, that you build to just…use a pick 
axe, pick into the rock, and then, you know, get a sample from there, so yes it 
did…it did give me that feeling of, yes, it could be done because I know how it 
makes you feel in real life. Like, it…not really just feeling like, “Wow, I knew this 
in the game”, but it made me think, “Wow, I know that this could be in real life and 
incorporated in the setting.” 
Quartz, a freshman, male, computer science student, stated that the virtual experience did 
not impact his level of interest in geology because it was a small experience, but it had a 
positive impact on his opinion of geology:  
Quartz: (Pause) “It probably didn't affect my opinion of geology too 
heavily. [Okay] It just…I mean…it was a relatively small experience, [mm-
hmm] but I mean it probably conspires (sic) to few ideas…a few 
affirmations. So, it probably had a positive impact on my view of geology. 
I mean…yeah.” 
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Quartz is going to take another geology class next semester. Pearl is a freshman, non-male, 
management major. Pearl thought the virtual experience helped improve their interest in 
geology: 
VS: “And how did that experience affect your opinion [00:17:00] about 
geology?” 
Pearl: “It changed it to more, like positive view, as in seeing that, it's more 
interesting to learn about, I guess. More interesting to see.” 
Topaz, a sophomore, male, civil engineering major, liked that he could directly apply what 
he learned in lab in another context: 
Topaz: “It kind of improved it a little bit. I already like geology [VS: mm-
hmm] so…But it definitely helped it some to be able to what I've done in 
lab and turn around and use that in a virtual environment and get the same 
result.” 
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7.3 Discussion 
7.3.1.1 Interest differences between groups and experiences 
Male students had significantly higher pre-intervention interest than non-male 
students in the classroom experience, but not in the outdoor or virtual experiences. The 
difference in pre-intervention interest could be related to differences in when the students 
were surveyed; classroom students were surveyed from Fall 2018 only, whereas outdoor 
and virtual experience students were from Fall 2018 and Spring 2019. Fall 2018 students 
(all interventions) participated in the experiences at the end of the semester, whereas Spring 
2019 students (outdoor and virtual only) participated in the experiences near the beginning 
of the semester. Therefore, these factors unrelated to the experiences themselves could be 
influencing differences in interest in geology by gender. Specifically, students could be 
diverging in level of interest by gender the longer they are enrolled in geology classes.  
STEM students had higher pre- and post-intervention interest than the non-STEM 
students in the classroom and virtual experiences. Bursztyn et al., (2017) found that being 
a STEM major is a predictor of interest in geology. However, Bursztyn et al., (2017) did 
not explain why being a STEM major is a predictor for interest in geology. The interview 
participants (both STEM and non-STEM) from the three experiences mentioned a 
preference for hands-on learning. Introductory STEM students in Gilbert et al. (2012) had 
significantly higher motivation scores than their non-STEM peers, which included 
significant subscale scores of intrinsic and extrinsic motivation, task value, control beliefs, 
and self-efficacy. While motivation and interest are separate constructs, high levels of 
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interest are necessary to trigger and maintain a strong intrinsic motivation for learning 
(Bye, Pushkar, & Conway, 2007; Hidi, 2000).  
Second-year students who participated in the virtual reality experience had 
significantly higher pre-intervention interest in geology than first year students. Second-
year students also had higher post-intervention interest in the classroom experience than 
first year students. Researchers who have studied interest in geology have not related 
student age to higher interest in geology (Bursztyn et al., 2017); however, Gilbert et al. 
(2012) found that older students had significantly higher motivation scores than younger 
introductory geology students. It is unclear why older students did not also demonstrate 
higher pre-intervention interest in the classroom and outdoor experiences, or higher post-
intervention interest in the outdoor or virtual experiences because the researcher was 
unable to interview older introductory geology students.  
7.3.1.2 Changes in pre-/post-intervention interest in geology 
There was not a statistically significant change in geology interest for all any 
classroom experience participants. Some groups within the classroom participants had 
significant interest changes, such as STEM students, second year students, and students in 
lecture and lab. The classroom interview participants mentioned that there was nothing 
surprising or exciting about the experience. The interview participants noted that the 
classroom experience was the first time that they had to consider environment and geologic 
context while performing grain analysis. While this was a new aspect of geology for them 
to consider, they thought the experience was very similar to a typical lab session. The 
researcher did not conduct the classroom experience in a new, different location like the 
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other experiences, but in the same classroom they attend each week for lab. It is possible 
that the students did not experience enough incongruous or surprising information that 
translated to geology interest changes for the classroom experience (Hidi & Renninger, 
2006), but the outdoor experience was held in a new location which tied their geology 
knowledge to a place they were already familiar with, and the virtual experience used 
“cool” technology in an educational context.  
The most promising result of this study is that students in outdoor and virtual reality 
experiences exhibited statistically significant interest changes between their pre-
intervention and post-intervention interest scores, with similar small effect sizes (Hill, 
Bloom, Black, & Lipsey, 2008; Tomczak & Tomczak, 2014). The interview participants 
from the outdoor experience all had triggered situational interest (Hidi & Renninger, 2006) 
related to environmental factors, such as a hands-on, active learning experience and 
experiencing an outdoor lab. They also had triggered situational interest from finding 
personal relevance of regional geology (Hidi & Renninger, 2006) from the outdoor 
experience, partially because the field setting was on their campus and all three participants 
are from the same state as the experience (and their institution). This sense of personal 
relevance, as well as environmental factors of the experience, are also components of place-
based education (Semken, Ward, Moosavi, & Chinn, 2017). Enjoyment of learning in a 
local context is an keystone of place-based education, which builds directly on what is 
familiar to students and instructors and gives local context and relevance to global concepts 
that might otherwise appear abstract (Semken et al., 2017). The idea of sense of place, or 
a place that is imbued with meaning through human experience, is one of the reasons why 
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field experiences for geologists are so important (Semken et al., 2017). Place-based 
education is also a factor of Connection to Earth, one of the realms in the Affective Domain 
Framework for the Geosciences (van der Hoeven Kraft et al., 2011), and it is used to 
encourage people to connect emotionally to places and to the earth.  
Students also exhibited significant geology interest changes after the virtual 
experience. Interview participants from the virtual experience did not describe a clear link 
between the experience and their interest changes. As opposed to the outdoor participants, 
there was no indication that the virtual interview participants had a more developed sense 
of place (Semken & Freeman, 2008; Semken et al., 2017). However, the participants 
mentioned that the virtual experience helped make geology seem more exciting, and 
excitement is a part of triggered situational interest (Hidi & Renninger, 2006). The virtual 
experience also allowed students to apply what they learned in lab and lecture, which is a 
sense of personal relevance (Hidi & Renninger, 2006). Activities or contexts that allow 
students to feel a sense of personal relevance can trigger students’ situational interest.  
7.4 Limitations 
One limitation of making interest inferences is that students were surveyed for pre-
intervention interest at different times in the semester depending on which semester they 
were enrolled in introductory geology (Fall 2018 or Spring 2019). Future studies examining 
interest in geology should test initial interest in geology as early as possible in the semester 
with novice geology students to establish a clear baseline level of interest. Another 
limitation of this study was that while we tried to sample purposefully for students who 
had significant positive or negative interest changes after the experiences, most students 
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were recruited conveniently. In the future, the researcher will make a more concerted effort 
to recruit students purposefully. This limitation could mean that the salient aspects of each 
experience that influenced students’ geology interest changes may be different for students 
who were conveniently sampled versus those who had significant pre-post interest changes.  
7.5 Conclusions 
Students in introductory geology classes participated in either a classroom, 
traditional outdoor, or a virtual geology field experience. Significant pre-to-post-
intervention changes in geology interest after the outdoor and virtual geology field 
experiences, as well as explanations given during interviews, suggest that field activities 
with a regional context or sense of place, as well as activities that incorporate exciting, 
surprising methods (e.g., virtual reality), can trigger situational interest in geology. 
Classroom participants did not exhibit significant interest changes, likely related to the 
similarity of the experience to their typical weekly lab sessions. STEM students in the 
classroom and virtual experiences had significantly different pre-intervention and post-
intervention interest, potentially related to higher levels of intrinsic motivation to learn.  
While we do not think the outdoor or virtual reality geology field experiences 
improved students’ levels of interest beyond situational interest, there is potential for 
introductory courses to implement aspects of the experiences in introductory classes to at 
least trigger situational interest in students. At the very least, students who are more 
interested in geology are more informed about the earth. At the very most, students who 
are more interested in geology may be more likely to get a geology major or minor.   
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CHAPTER 8:  RESULTS-PRESENCE IN VIRTUAL ENVIRONMENTS 
8.1 Overview 
The Igroup Presence Questionnaire from Schubert et al. (2001) was used to assess 
students’ overall sense of presence, spatial presence, as well as presence as involvement in 
a virtual environment and presence as realness. These were measured on a Likert scale 
from 1 to 5, with 1 representing strongly disagree and 5 representing strongly agree. Spatial 
presence is a sense of “being there” in a virtual environment (Schubert et al., 2001). 
Presence as involvement is being involved only in the virtual environment and not paying 
attention to objects and things happening in real life around the virtual experience 
(Schubert et al., 2001). Presence as realness is a person’s perception of objects and 
movement in a virtual environment as being realistic compared to how those actions and 
objects are in real life (Schubert et al., 2001). The students’ interview responses to 
questions about different aspects of the experience that contributed to their sense of 
presence will be used to explain overall survey results.  
8.2 Trials 3 and 4 Results 
There were 290 participants in 28 sections of the virtual experiences over two 
semesters (Fall 2018 and Spring 2019).  
8.2.1 Sense of presence in virtual environments 
Students had a low to moderate sense of presence in the virtual experience (n=290, 
2.81 ± 0.7). Students who were 20-21-years-old had the greatest sense of presence of all 
age groups (n=215, 2.98 ± 0.65). Male students had a greater sense of presence (n=174, 
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2.87 ± 0.65) than non-male participants. Underrepresented students had a greater sense of 
presence (n=40, 2.88 ± 0.59) than Asian and White students. STEM majors had a greater 
sense of presence (n=178, 2.84 ± 0.66) than non-STEM majors. Second-year students had 
the greatest sense of presence (n=63, 2.94 ± 0.67) of students in all college years. Students 
enrolled in both lecture and lab (n=267, 2.82 ± 0.71) had a greater sense of presence than 
students enrolled only in lab. Students with field experience in high school (n=67, 2.92 ± 
0.73) and college (n=124, 2.84 ± 0.73) had higher senses of presence than students without 
field experiences in high school or college.  
There was a statistically significant difference in sense of presence between male 
(mean rank=153.51) and non-male (mean rank=133.48) virtual experience participants 
(U=8697.5, p=0.046).  
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Table 8.1: Students' sense of presence in virtual environments. 
    Presence in Virtual Environments 
Demographic Category n Presencea H or Ub pc η2H or η2d Spatial Presencea H or Ub pc 
Virtual Experience Combined 290 2.81 ± 0.70    3.05 ± 0.80   
Age 
18-19 215 2.77 ± 0.71 3.012 0.222  3.00 ± 0.81 2.541 0.281 
20-21 53 2.98 ± 0.65    3.23 ± 0.80   
>21 22 2.84 ± 0.63    3.09 ± 0.67   
Gender 
Male 174 2.87 ± 0.65 8697.5 0.046 0.01 3.08 ± 0.77 9336.5 0.279 
Non-male 116 2.73 ± 0.75    2.99 ± 0.86   
Race 
White/Asian 250 2.80 ± 0.71 4772.5 0.644  3.02 ± 0.81 4330.5 0.173 
Underrepresented 40 2.88 ± 0.59    3.19 ± 0.75   
Major 
Non-STEM 112 2.77 ± 0.75 9057 0.19  3.06 ± 0.86 9737 0.739 
STEM 178 2.84 ± 0.66    3.03 ± 0.77   
College Year 
First year 190 2.78 ± 0.70 2.801 0.423  3.01 ± 0.80 3.541 0.315 
Second year 63 2.94 ± 0.67    3.21 ± 0.81   
Third year 18 2.74 ± 0.85    3.02 ± 0.98   
Fourth year 19 2.81 ± 0.56    2.92 ± 0.58   
Geology Enrollment 
Lecture and lab 267 2.82 ± 0.71 2827 0.528  3.06 ± 0.82 2653 0.278 
Lab only 23 2.76 ± 0.45    2.90 ± 0.65   
Previous Field-High School 
Yes 67 2.92 ± 0.73 6557 0.129  3.11 ± 0.83 6804 0.267 
No 223 2.78 ± 0.68    3.03 ± 0.80   
Previous Field-College 
Yes 124 2.84 ± 0.73 9881.5 0.561  3.10 ± 0.87 9374 0.192 
No 166 2.79 ± 0.67    3.00 ± 0.75   
Previous Virtual Reality 
Yes 143 2.81 ± 0.70 10478 0.964  3.04 ± 0.84 10458.5 0.942 
No 147 2.82 ± 0.69    3.05 ± 0.77   
a. “±” indicates mean and standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold numbers indicate statistically significant (p) differences between groups. Plain numbers indicate no significant difference between the groups 
either because p >.05 or for p values between .01 and .05 failed the Holm’s Bonferroni test (numbers with a superscripted +).  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. 
Pairwise comparisons were not done if the Kruskal-Wallis test showed no significant difference between any of the groups.  
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8.2.2 Spatial presence in virtual environments 
Students had a moderate sense of spatial presence in the virtual experience (n=290, 
3.05±0.8). Participants’ spatial presence scores were the highest of all three presence 
subscales. Students who were 20-21-years-old had the greatest sense of spatial presence 
(n=215, 3.23 ± 0.80) of all age groups. Male students had a greater sense of spatial presence 
(n=174, 3.08 ± 0.77) than non-male students. Underrepresented students had a greater 
sense of spatial presence (n=40, 3.19 ± 0.75) than White and Asian students. Non-STEM 
majors had a greater sense of spatial presence (n=112, 3.06 ± 0.86) than STEM students. 
Second-year students had the greatest sense of spatial presence (n=63, 3.21 ± 0.81) of 
students in all college years. Students enrolled in both geology lecture and lab had a greater 
sense of spatial presence (n=267, 3.06 ± 0.82) than students enrolled only in geology lab.  
Students with field experience in high school (n=67, 3.11 ± 0.83) and college (n=124, 3.1 
± 0.87) had greater senses of presence than students without previous field experiences in 
high school and college. There were no statistically significant differences between groups’ 
averages in the same demographic category for sense of spatial presence.  
8.2.3 Qualitative explanation of spatial presence  
When students were asked to describe the virtual environment, the specific 
elements they enjoyed about the experience were related to spatial presence, such as a sense 
of immensity and vastness. Zircon mentioned having an initial sense of vastness:  
VS: “How big did the environment feel to you? Like, when you had the 
headset up to your face?”  
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Zircon: “At first, it felt quite vast.” 
Onyx thought it was cool that you could spin in the chair to see the whole view of the 
experience, and she contrasted this to looking at a picture:  
VS: “So, what parts seemed realistic?” 
Onyx: “I mean I'd say, like…I did think it was cool that you really could 
spin around and see, like, the whole view. I mean, you felt like, you know, 
you could…that was cooler than just like maybe looking at a picture of it 
‘cause (sic) you could really see it all.”  
Topaz also discussed a sense of being there (spatial presence) by being able to look around:  
VS: “So…what about it was like striking or interesting to you?” 
Topaz: “Just that it was kind of immersive. Like, you’re literally there. 
You’re looking around.” 
Pearl felt such a strong sense of spatial presence related to the realness of the background 
panorama and that she felt like she could potentially fall:  
Pearl: “I think…looking out into the Grand Canyon, the visual aspect was 
really…realistic because the quality was pretty good where like if I had 
looked in the distance, and I feel like if I couldn't step further, I would fall. 
I felt like I was really there.” 
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Opal, who had previously visited the Grand Canyon, did not feel like the virtual experience 
felt as big as the Grand Canyon, mostly because the view in the headset felt wider than a 
typical human’s range of vision:  
VS: “So how big did the environment feel to you? Is that, like, a weird 
question to ask?” 
Opal: “No, I understand what you mean. I think that it felt…it didn't feel as 
big as the Grand Canyon.” 
VS: “Have you ever been?” 
Opal: “Mm-hmm” 
VS: “Okay.” 
Opal: “Mm-hmm. It felt…it almost felt like the person in it was a little bit 
bigger than the Grand….er than like an actual human, like the scaling 
maybe.” 
Students also suggested ways to improve their sense of being present in the environment. 
For example, Zircon and Quartz mentioned having either having more “rooms” or an 
experience that would allow a student to move freely in an environment:  
Quartz: “It would have felt bigger if there were more rooms, but I felt that 
there were a reasonable amount of rooms. I don’t know…three, but I got to 
four. So, I mean for the length of gameplay, I thought there was a reasonable 
number of pictures. It felt decently big.” 
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Zircon: “Because that was…that is, admittedly, staggered. So, it…it makes 
you feel like you're stuck in a little place, you can’t move forward 
so…that’s…that’s what I what I would go try to go for, a more 3D 
approach.” 
8.2.4 Presence as involvement in virtual environments 
Students had a low to moderate sense of presence as involvement in the virtual 
experience (n=290, 2.62 ± 0.78). 20-21-year-olds had a greater sense of involvement in the 
virtual experience (n=215, 2.77 ± 0.71) than other age groups. Male students had a greater 
sense of involvement in the virtual experience (n=174, 2.66 ± 0.68) than non-male students. 
White/Asian students had a greater sense of involvement in the virtual experience (n=250, 
2.63 ± 0.78) than Underrepresented students. STEM majors (n=178, 2.70 ± 0.75) had a 
greater sense of involvement in the virtual experience than non-STEM majors. Fourth-year 
students (n=19, 2.84 ± 0.71) had the greatest sense of involvement in the virtual experience 
of all college years. Students only enrolled in lab (n=23, 2.63 ± 0.68) had a greater sense 
of involvement in the virtual experience than students enrolled in lecture and lab. Students 
with previous field experiences in high school (n=67, 2.76 ± 0.7) and college (n=124, 2.65 
± 0.78) had greater senses of involvement in the virtual experience than participants who 
did not have previous field experiences. Students with no previous virtual reality 
experience (n=147, 2.66 ± 0.81) had a greater sense of involvement than students who had 
previous virtual reality experience. There was a statistically significant difference in STEM 
(mean rank=178) and non-STEM (mean rank=112) majors’ sense of presence as 
involvement in virtual environments (U=8390, p=0.022).  
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8.2.5 Qualitative explanation of presence as involvement 
Interview participants were asked about what helped them remain engaged in the 
virtual experience and what may have distracted them in the trials environment. Beryl 
mentioned that headphones, audio playing through the headphones, and having plenty of 
space helped him stay engaged in the experience:  
VS: “Did you run into anybody, like, beside you, like, did you feel like you 
had enough space?” 
Beryl: “Oh yeah. No, I definitely…I definitely had a lot of space, and when 
I was sort of in the VR area, [VS: mm-hmm] I…I couldn’t really tell, like, 
that there were people around me because, like, the speakers…like I said, 
the audio was really nice, and we had…we definitely had enough space.” 
VS: “Good” 
Beryl: “So, while I was in the VR area or, like, space I guess? [VS: Mm-
hmm] It didn't seem like I was…I was afraid I was going to hit someone, or 
someone was gonna [sic] hit me, or anything like that. It felt like I was, like, 
one-on-one with it. “ 
Topaz also mentioned that the headphones were critical to not noticing the 
surrounding trials room. He also noted that not bumping into anything helped his 
level of engagement:  
Topaz: “It felt like…To me, it felt like I was there, especially since you 
know I was turning around I didn’t…if I would have bumped into 
something in the room, that…that would have changed it but since I didn’t 
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bump into anything. You had the headphones in, so you couldn’t hear 
anything around you. It felt like you were there, pretty much.” 
Zircon had significant previous virtual reality and gaming experience and backed away 
from the conference room table before he started the experience so he would not run into 
anyone:  
Zircon: “What I actually did was, since it…since it, what I saw it and how 
it worked, I actually backed up but…once in a while, like, right here and 
just, was able to turn my chair so that I wouldn’t run into anybody. [VS: 
Okay] So, I planned ahead for that because I knew that’s a possibility.” 
Opal also stated that she was concerned about running into the person beside her, which 
may have negatively impacted her involvement in the virtual experience:  
VS: “Yeah, and did you run into the person beside you at all?” 
Opal: “Nope. [VS: Okay] Nope, but I was worried about it at the beginning, 
so I'm like…” 
VS: “So, you were aware of, like…” 
O: “Yes, I made a conscious to be [VS: okay]…” 
However, other students were distracted because they were bumping into people beside 
them. Onyx mentioned that she noticed the people beside her during the virtual experience:  
Onyx: “I’d say the biggest thing was because we were all sitting together in 
those spinning chairs, occasionally, like, I would knock into the person next 
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to me [VS: okay], and I’d have to, like, you know, move, to, like not be 
hitting them. [VS: “Sorry!” (laughing)] Yeah, yeah. It would be…all, like, 
multiple times, like, both people on like…because I was in the middle of 
two people, like, I think I- we hit each other multiple times, like all of us. 
So, you know…so that was…but obviously, like, it was…we were like 
close together.” 
Pearl mentioned the only thing that she noticed about the trials room was that other students 
were shuffling their feet:  
Pearl: “Like, maybe their feet scuffling but that’s pretty much it. Nothing 
distracting.” 
The students were placed in swivel chairs in all trials rooms because we thought it would 
be a way to reduce neck strain and improve exploration with the headset. Quartz thought 
that the swivel chairs were effective to help with changing the view in the headset:  
Quartz: “I might have bumped into the table, but other than that sitting in 
this swivel chair actually…I thought that was pretty convenient for it. I 
could have been standing and looking round for the…for the thing. I was 
like, “Huh, it’s pretty natural just swiveling around.” (laughs)” 
However, Garnet thought his swivel chair was difficult to control, which may have 
negatively impacted his involvement in the experience:  
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Garnet: “Yeah, so it would be…yeah, I mean it's a small thing, but I 
would…I would, notice, it's like, you know…I would…I would keep 
moving, and I’d want to stop and then my body would keep moving. I’d be 
like, “Oh, ok, so I'm not actually, you know, even in the picture. I'm in a 
chair, in the classroom.” So…” 
Students were asked what aspects of the environment they noticed during the trials 
experience. Students were also asked if they experienced any symptoms of cybersickness, 
such as nausea, facial flushing, dizziness, or their eyes hurting. Several students mentioned 
having symptoms of cybersickness. Notably, Beryl explicitly discussed feeling ill:  
VS: So, you gotta (sic) be honest with me. How did it go? 
B: I feel like I was gonna (sic) throw up. 
Beryl noted that he does not have motion sickness, but he wears blue-light glasses to avoid 
eyestrain and headaches. Beryl discussed how the cybersickness affected his involvement 
in the experience:  
VS: “Okay. Let's see…how did….so, did you feel, like, at any point, I mean, 
besides…besides getting like dizzy and nauseous, did you kinda, (sic) at 
any point, did you feel like you forgot that you were in a…like, a room with 
other people? “ 
Beryl: ”Yes, up until the point that I started to, like, feel, like, nauseous, so, 
like, the introduction, like, really hooked me, like, sitting down and then, 
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like, it changed scenery, and you were there, like, at the Grand Canyon and 
the overlook, and it was the point where, like, when you first got there you 
could see the entire view I’m like “Wow, this is super cool.” I’ve…I've 
never been to the Grand Canyon or anything that so, I’m like, “Wow, this 
is, like, really neat, and, like, I just automatically wanted to look around and 
see more, [VS: mm-hmm] so I…I think at the beginning and when I was 
sort of, like, just starting to get into it, I definitely did feel like I was 
immersed, but again I could start to, like, tell that I wasn't because of just 
like…” 
Zircon also experienced cybersickness in the form of dizziness: 
Zircon: “It was fine at first, and then over time it kind of…like a little bit of 
discomfort, but not anything so that I would just have to completely stop, 
and then have to it just [VS: Was it…] (inaudible).” 
VS: “Was it…was it like a headache or dizziness?” 
Z: “Slight dizziness.” 
Onyx’s head started hurting by the end of the experience, which is also a symptom of 
cybersickness.  
Onyx: “I would say not until like the end. I would say once I was done I 
was, like…or towards the end, I was like, “Okay, my head's starting to hurt. 
Like, this is not fun anymore.” Like, so at first it was kind of fun to just like, 
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oh, spin around in your chair and do the things and then actually I…my head 
hurts, and I’m tired of doing this.” 
8.2.6 Presence as realness in virtual environments 
Students had a low to moderate sense of presence as involvement in the virtual 
experience (n=290, 2.62 ± 0.78). 20-21-year-olds experienced the greatest sense of 
presence as realness (n=215, 2.67 ± 0.92) of all age groups. Male students had a greater 
sense of presence as realness (n=174, 2.62 ± 0.9) than non-male students. Underrepresented 
students had a greater sense of presence as realness (n=40, 2.65 ± 0.82) than White and 
Asian students. STEM majors (n=178, 2.55 ± 0.88) had a greater sense of presence as 
realness than non-STEM students. Second-year students (n=63, 2.59 ± 0.92) had the 
greatest sense of presence as realness of all college years. Students only enrolled in lab 
(n=23, 2.55 ± 0.69) had a greater sense of presence as realness than students enrolled in 
both geology lecture and lab. Students with field experience in high school (n=67, 2.67 ± 
0.97) had a greater sense of presence as realness than students who did not have previous 
field experiences in high school. Students with no previous field experience in college had 
a greater sense of presence as realness (n=166, 2.55 ± 0.92) than students who had previous 
field experience in college. Students with previous virtual reality experience had a greater 
sense of presence as realness (n=143, 2.56 ± 0.86) than students who had previously 
experience virtual reality. There was a statistically significant difference in male (mean 
rank=154.68) and non-male (mean rank=131.73) students’ sense of presence as realness in 
virtual environments (U=8495, p=0.021).  
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8.2.7 Qualitative explanation of presence as realness 
The interview participants were asked about what aspects of the experience were 
realistic. Beryl and Zircon both mentioned that the introductory scene of the theatre was 
realistic:  
Beryl: “I thought, especially the introduction, was really cool in the theater. 
That…it was all really realistic.” 
Zircon: “I think the most realistic looking think was the first scene, like, the 
first scene was the most realistic.” 
Multiple students commented about how realistic the background images were in the 
experience. Beryl thought the background images were realistic:  
Beryl: “…but it was really accurate. I thought the images were really good.” 
Garnet also thought the background images were realistic:  
Garnet: “No, the…the background was really realistic. [VS: Okay] Yeah. I 
liked the backdrop of the activity. Yeah.” 
VS: “Courtesy of Google Streetview.” 
Garnet: “Yeah, I’m sure. That was really cool.” 
Onyx had never previously done a virtual reality experience, but she explained the view in 
the headset was surprising and realistic:  
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Onyx: “I think, like, being able to…since I had never it done before, really 
being able to like three- see like a 360 view of something, like that was 
really cool and surprising to me like how realistic that looked because I 
think, like, I’m one of those people, like, when you talk about virtual reality 
and like, “Oh, okay” you know? But, I like…I did think that was cool; like, 
that surprised me. Like, that that looked pretty…” 
Some participants thought that the tools used to perform geologic tests in the environment 
were realistic. Beryl thought the tools were realistic:  
Beryl: “The tools looked realistic.” 
However, students also pointed out the aspects of the experience that were not realistic. 
While Quartz thought the tools looked realistic, the scale of the tools was not realistic:  
Quartz: “Well…well the photos of the other tools were obviously pretty 
realistic, but maybe the sizing, like, the relative sizing of the tools didn’t 
really make sense in context. Like the magnifying glass was kind of, like, 
giant, you know.” 
Pearl also did not think the tools seemed realistic:  
Pearl: “I mean nothing bad about like the stuff you would expect, like there's 
not really a pickaxe in front of you [VS: mm-hmm]. There’s not, like, the 
tools weren't realistic I guess…” 
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When asked to clarify why the tools were not realistic, Pearl explained that it was not the 
actual image of the tool, but that it was placed unrealistically in the environment:  
VS: “Why? Why do you think they, like, weren’t realistic?” 
Pearl: “Just because…they were like, just like images there…like…like 
maybe if you were, like, in the Grand Canyon when you're taking the 
pictures, and then you put like an axe on the ground, [VS: okay] so you're 
looking, and there's an actual axe in the environment and then I would pick 
it up. But other than that…” 
Quartz mentioned that the tools and grain size charts did not seem realistic, as well as the 
questions in the experience:  
Quartz: “Oh yeah. So, of course those assets the…just the tools and stuff 
didn't seem…I mean. they seemed kind of, you know, placed there. If an 
expert had done it, I’m sure they…it could have been way better, but so, 
that seemed unrealistic of course, and it…I guess you could say that the 
messages in the middle of the sky were a bit weird, or inconsistent because 
sometimes they were on rocks and stuff, and sometimes they're actually 
harder to see because they're on rocks or because they blend in 
background.” 
Quartz had a similar suggestion to Pearl’s, in that the objects would have been more 
realistic if they were placed on the ground or blended into the background:  
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Quartz: “But…but I suppose it…if it was…if the sizes made a little more 
sense to the background or to each other, then that could improve it…or…or 
if they were placed somewhere where they made sense somehow. Like, they 
were just in a row, and that's good because you want to be able to see all the 
things but if they were…the pickaxe was, you know, in a rock or something, 
or it was blended into the background, or the magnifying glasses maybe on 
a table or something, rather than just…on the…on the ground.” 
Opal did not think the rocks laying on the ground for students to discover did not even look 
like images of real rocks (even though they were): 
VS: “What could be added or removed to make the environment seem more 
realistic?” 
Opal: “More realistic? [pause] I guess maybe just the rocks themselves if 
they were more if they were like pictures of actual rocks…” 
Participants commented about how the experience adapted to them moving their headsets. 
Beryl mentioned that the headset adapted easily to his movement:  
Beryl: And the way, like, moving around, like, ‘cause I made sure, like, I 
looked down, looked up, looked all around, and I…I thought, like, 
that…that part was phenomenal, like, ‘cause it moved really moved really 
easily, but I think just, like, the screen the entire time, that’s what really, 
like… 
 261 
 
VS: (Interrupted) Just, like, maybe the actual technology itself?  
Beryl: Yeah, I think maybe that's what…what it was. 
Opal experienced a similar sense of ease in movement with the headset:  
Opal: And then the actual, like, pictures itself were also very good, and I 
was surprised by how well, like, moving with it was …it was…it adapted 
very, very well [VS: Okay] so that was good. 
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Table 8.2: Students' sense of presence in virtual environments (continued). 
   Presence in Virtual Environments 
Demographic Category N 
Presence-
Involvementa H or Ub pc η2H or η2d 
Presence-
Realnessa H or Ub pc η2H or η2d 
Virtual Experience Combined 290 2.62 ± 0.78    2.52 ± 0.92    
Age 
18-19 215 2.58 ± 0.79 2.206 0.332  2.49 ± 0.92 1.973 0.373  
20-21 53 2.77 ± 0.71    2.67 ± 0.92    
>21 22 2.73 ± 0.83    2.41 ± 0.91    
Gender 
Male 174 2.66 ± 0.68 9286 0.246  2.62 ± 0.90 8495 0.021 0.02 
Non-male 116 2.56 ± 0.90    2.36 ± 0.94    
Race 
White/Asian 250 2.63 ± 0.78 4626.5 0.445  2.50 ± 0.94 4519.5 0.326  
Underrepresented 40 2.57 ± 0.77    2.65 ± 0.82    
Major 
Non-STEM 112 2.50 ± 0.81 8390 0.022 0.02 2.47 ± 0.99 9234 0.288  
STEM 178 2.70 ± 0.75    2.55 ± 0.88    
College Year 
First year 190 2.58 ± 0.80 3.405 0.333  2.51 ± 0.91 1.419 0.701  
Second year 63 2.73 ± 0.70    2.59 ± 0.92    
Third year 18 2.56 ± 0.90    2.46 ± 1.05    
Fourth year 19 2.84 ± 0.71    2.42 ± 1.02    
Geology 
Enrollment 
Lecture and lab 267 2.62 ± 0.79 2942.5 0.739  2.51 ± 0.94 2972 0.797  
Lab only 23 2.63 ± 0.68    2.55 ± 0.69    
Previous Field-
High School 
Yes 67 2.76 ± 0.70 6533 0.117  2.67 ± 0.97 6603.5 0.147  
No 223 2.58 ± 0.80    2.47 ± 0.91    
Previous Field-
College 
Yes 124 2.65 ± 0.78 10101.5 0.786  2.48 ± 0.92 9911.5 0.588  
No 166 2.61 ± 0.78    2.55 ± 0.92    
Previous Virtual 
Reality 
Yes 143 2.59 ± 0.75 9840.5 0.345  2.56 ± 0.86 9812 0.324  
No 147 2.66 ± 0.81    2.48 ± 0.98    
 
a. “±” indicates mean and standard deviation.  
b. Non-parametric Kruskal-Wallis H test for comparing more than two groups, and Mann-Whitney U test for two groups. 
c. Bold numbers indicate statistically significant (p) differences between groups. Plain numbers indicate no significant difference between the groups either because 
p >.05 or for p values between .01 and .05 failed the Holm’s Bonferroni test (numbers with a superscripted +).  
d. Cohen’s eta-square for Kruskal-Wallis H (η2H) or Pearson’s squared correlation coefficient (η2) not listed for comparisons with no significant difference. Pairwise 
comparisons were not done if the Kruskal-Wallis test showed no significant difference between any of the groups.  
 263 
 
8.3 Discussion 
Students felt a low to moderate sense of presence in the virtual experience. The 
participants mentioned several aspects of spatial presence they enjoyed, such as a sense of 
vastness and being able to direct their gaze to see the entire experience. However, students 
also mentioned ways to improve the virtual experience, such as adding more “rooms” 
(photospheres in the environment) or creating an experience that would allow students to 
be able to move freely in the environment. This desire to be able to move freely in an 
environment has been described as a sense of embodiment by Kilteni et al. (2013), which 
the authors define as a group of sensations that arise in conjunction with being inside, 
having, and controlling a body, especially in relation to virtual reality applications. An 
underlying structure of the sense of embodiment is agency, which is the sense of having 
motor control and the subjective experience of action, control, intention, motor selection, 
and the conscious experience of will (Kilteni et al., 2012). Wardrip-Fruin et al. (2009) also 
define agency as a phenomenon involving both player and game that occurs when the 
actions players desire are among those they can take. Students may have an increased sense 
of agency and presence if they are given a greater ability to move and explore the 
environment.  
Another explanation for students’ low to moderate sense of presence could be 
related to students’ reports of cybersickness during the experience and in the interviews 
after the experiences. Participants in the interviews described classic symptoms of 
cybersickness (LaViola, 2000b; Weech et al., 2019) such as eyestrain, headache, and 
dizziness. Weech et al., (2019) conducted a systematic review that showed an inverse 
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relationship between presence and cybersickness, likely mediated by factors such as 
navigation control (being able to control one’s own locomotion), vection (sense of self-
motion), and display factors (frame rate and field-of-view).  
Male students in this study had a statistically significant higher overall sense of 
presence than non-male students. There was nothing in the qualitative interviews that 
explicitly elucidated why male students had a higher sense of presence in virtual 
environments. However, other researchers (Felnhofer, Kothgassner, Beutl, Hlavacs, & 
Kryspin-exner, 2012) using the same Igroup Presence Questionnaire found that male 
students also had significantly higher presence scores than female (non-male) students. 
Felnhofer et al. (2012) related this to an older study that made the association between 
computer experience and increased sense of presence (Waller, Hunt, & Knapp, 1998), as 
well as a study stating that males are found to engage more often with computer games 
than women (Hartmann & Klimmt, 2006). While we did not ask students about previous 
gaming or computer experience, we did ask if they had previously participated in a virtual 
reality experience. We found that there was a statistically significant association between 
gender and previous virtual reality experience. It is possible that a greater sense of presence 
is related to having previous virtual reality experiences, and women may be less likely to 
have a strong sense of presence because they have less prior experience with virtual reality.  
Students had a low to moderate sense of involvement in the virtual experience. 
Students mentioned several aspects of involvement that helped them stay engaged in the 
virtual experience, such as headphones and not bumping into the person beside them. The 
students also described how they became uninvolved in the virtual experience, specifically 
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because they bumped into the person beside them or had error messages in their headset. 
After the third round of trials (See 4.2 Data Collection), the VRFE team troubleshooted 
issues to eliminate error messages, which resulted in the VRFE team replacing one-time-
use headphones (for hygiene purposes) from the third round of trials with permanent 
headsets in the fourth round of trials that remained connected with the individual headset. 
In the fourth round of trials, the VRFE trials administrators made sure to tell the participants 
that they should have enough room between them and their neighbor to swivel in their 
chairs.  
There was a statistically significant difference in how STEM and non-STEM 
students experienced presence as involvement. No previous work could be found that 
would illuminate a specific relationship between student major and sense of presence. It is 
possible that because STEM majors dominated the introductory geology course at this 
university (n=284, 61% of total study) and most of the STEM majors were male (n=207, 
44% of total study), there is a possibility that aforementioned presence differences between 
gender groups could be influencing the students’ sense of involvement. 
Students had a low to moderate sense of presence as realness in the virtual 
environment. Students mentioned several aspects that contributed to their perception of 
realness in the environment, such as realistic background images and tool assets in the 
environment. The students also mentioned how easily their view in the environment moved 
when they moved their head. This is explained by Weech et al. (2019) as sensory matching, 
which is the level of congruence between information obtained by the body and what is 
expected. Sensory mismatch is considered a contributor to cybersickness (Weech et al., 
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2019). However, other students did not think the tools were realistic, and they did not think 
that the questions used to guide their exploration in the experience were realistic. One 
student suggested to add animations of the tools to make them seem more realistic; this is 
not currently possible in WondaVR.  
There was a statistically significant difference between male and non-male 
students’ sense of presence as realness in the virtual environment. Other researchers, such 
as Felnhofer et al. (2012), discussed that there may be gender differences in realness due 
to male’s greater familiarity with virtual stimuli, potentially leading them to greater 
acceptance of the virtual world. If true, then non-male students’ sense of realness should 
increase with greater distribution and use of virtual reality.  
8.4 Limitations 
There were some limitations with this study. The students’ presence scores were 
self-reported and were submitted after the experience and after the students arrived back in 
the staging space (lab classroom). It is common for the Igroup Presence Questionnaire to 
be given after the experience has ended; however, the students’ presence scores do not 
reflect their immediate sense of presence while embedded in the virtual experience. 
Another limitation of the study was that the interviews, which included questions related 
to presence, were conducted the week after the experiences were conducted; therefore, 
students were recalling their memory of the experience instead of describing the experience 
in real-time, which could have also reduced their presence. 
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8.5 Conclusion and Future Work 
While students felt an overall low to moderate sense of presence, they had 
suggestions about how to improve sense of presence in the environment. One suggestion 
from the participants is to have an experience with more “rooms” or scenes in the 
environment that would allow them to experience more of the environment. The 
development team is in the process of developing a parallel experience that would allow 
students the ability to move freely in the environment with complete agency over their 
paths and what they wanted to explore.  
Students also described symptoms of cybersickness during the virtual experience. 
While we do not have clear paths forward to reduce participants’ cybersickness, a 
consideration for comparing the WondaVR experience to the parallel VRFE experience 
will be to use a cybersickness scale, such as the Simulator Sickness Questionnaire 
(Kennedy, Lane, Berbaum, & Lilienthal, 1993).  
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CHAPTER 9:  DISCUSSION AND CROSS-CASE SYNTHESIS 
9.1 Introduction 
This chapter discusses findings that address the research questions for the main 
study. This chapter provides a discussion of the relationship between quantitative findings 
of attitudes and geology interest for the three experiences, as well as sense of presence in 
the virtual experience (Table 9.1, Table 9.2). This chapter also provides a cross-case 
synthesis (Yin, 2018) of themes that emerged from qualitative analysis: personal 
experience, sense of place, and novelty. The cross-case synthesis will compare how the 
aforementioned themes were present or absent from the three experiences. This chapter 
also discusses improvements that the research team can make to each experience in the 
future. A synthesis of benefits, improvements, affordances, and limitations with the 
classroom, outdoor, and virtual experiences is at the end of this discussion (Table 9.3).  
9.2 Attitudes, Interest, and Presence in the Virtual Experience 
Most of the interview participants from the virtual experience felt a “sense of being 
there,” also known as spatial presence (Schubert, 2003, 2009; Schubert et al., 2001). 
Virtual participants’ highest aspect score for the presence scale was for spatial presence 
(3.05 ± 0.80, Table 9.1) (RQ 2.1). Specifically, participants enjoyed the realistic 
photospheres and being able to look at the photosphere in all directions while wearing the 
VR headset (RQ 2.2). Participants in the virtual experience enjoyed parts of the experience 
that incorporated realistic details or a sense of vastness, particularly the introductory scene 
in the theatre, the first scene at Grand Canyon, and the last scene at the sandstone outcrop 
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(RQ 2.2). Students discussed feeling a sense of awe about being able to look out over the 
expanse at Grand Canyon, where many of the interview participants had not visited prior 
to the virtual experience (Table 9.3). This sense of awe or wonder is a feature of place-
based education, which also includes aesthetic appreciation in the beauty of a landscape, 
and a profound feeling of personal attachment to a particular place on Earth (van der 
Hoeven Kraft et al., 2011). Participants also enjoyed the prospector narrative in the 
experience, and how acting as the prospector made the experience more interesting than 
performing geologic tasks, such as rock identification, the way they typically do in lab (RQ 
2.2). Further, students from different demographic groups experienced the virtual 
experience similarly (Table 9.2), meaning that the virtual experience may be a valuable 
pedagogical tool that does not amplify gender or racial/ethnic inequity.  
Male interview participants from the virtual experience mentioned previous 
experience with virtual reality from either home VR platforms or in arcade settings. 
However, no interview participants mentioned previous VR use in an educational setting. 
Quantitative data show that only 32 of the 467 participants (~14%, all experiences), and 25 
of the 290 virtual participants (~9%, virtual experience) had used virtual reality in a 
previous educational setting. Thus, VR in geology lab classroom settings is still a novel 
educational technology. Interview participants thought the novel use of virtual reality in an 
educational setting was effective for helping them learn to apply geology in a realistic 
context (see Table 9.3, Virtual experience- Benefits of experience). Participants mentioned 
that the experience had value for applications in their own majors; participants translated 
the potential use of VR to other educational purposes, such as interactive representations 
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of physical load in civil engineering design, as well as providing out-of-state high school 
students an opportunity to visit a campus virtually.  
The ability to feel a sense of awe or wonder in an environment where many had 
never visited in real life, being in an experience with a narrative, and having realistic 
background images in a novel educational format (VR), contributed to significant interest 
changes between the virtual participants’ pre-/post-intervention scores (z=-5.533, 
p=<0.0001, Table 9.1) (RQ 1.2). Further, all demographic categories had at least one group 
with significant geology interest changes after the virtual experience (Table 9.2Error! 
Reference source not found.). Therefore, virtual reality is a promising alternative to 
traditional field experiences to trigger students’ interest in geology for instructors who do 
not have on-campus geologic features, the resources to organize short field trips with large 
introductory classes, or who want to provide experiences that are inclusive to all students 
(Table 9.3, Virtual experience-affordances).  
However, students did not think the educational content (questions and assets) in 
the virtual experience was realistic. Realness is an important aspect of presence theory 
(Schubert, 2003; Schubert et al., 2001) and may reduce a students’ sense of being in the 
environment. Participants mentioned that the assets were hard to read, thus, participants 
had difficulty determining the grain size, roundness, and sorting of the rock samples in the 
experience (Table 9.3, Virtual experience-Improvements). This likely contributed to low 
attitudes (RQ 1.1) with regard to the utility of the experience as a learning tool (3.30 ± 
0.71, Error! Reference source not found.) (Orion & Hofstein, 1991), as well as a low 
sense of presence as realness (2.52 ± 0.92, Error! Reference source not found.) 
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(Schubert, 2003; Schubert et al., 2001). Participants suggested ways to improve the 
experience, such as being able to move through the experience (in 3D) or using three-
dimensional video, having animated geologic tools, and having more scenes in the 
experience or making the experience longer (RQ 2.2). Unfortunately, students also 
described symptoms of cybersickness, such as nausea, eye strain, and general malaise 
(LaViola, 2000a), which could have also contributed to a low sense of presence as 
involvement (2.62 ± 0.78, Table 9.1) (RQ 2.1) and the least positive attitudes scores of all 
three experiences (3.33 ± 0.71, , Table 9.1) (RQ 1.1). Previous researchers have also found 
negative relationships between presence and cybersickness in virtual environments (Weech 
et al., 2019). Therefore, virtual experience designers should make a concerted effort in the 
future to reduce cybersickness.  
9.3 Attitudes and Interest in the Classroom Experience 
The classroom experience had similar features to participants’ typical lab sessions; 
the researcher administered the experience in their regular lab classroom, their GTA helped 
administer the experience, and they used the rock identification guide from their lab 
manual. However, students thought that the structure of the lab, the questions the researcher 
asked them to think about, and skills and knowledge they learned at the beginning of their 
lab course and asked to recall (see 5.3.1 Classroom experience) were challenging. The 
classroom participants indicated that the experience was the first time they had to apply 
their knowledge about multiple different topics from lecture and lab to explain the geologic 
history of a location (Grand Canyon).  
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Classroom participants thought the experience was effective for showing them that 
they could apply the skills they had learned in geology lab to a real-life setting (RQ 1.3). 
The students said that they would think about becoming a geology major or minor, but only 
because of either their initial interest in geology or that they like to go outside—not from 
the classroom experience (RQ 1.3). This is also evident from the classroom participants’ 
survey results. The classroom participants had moderate to high attitude scores (3.49 ± 
0.67, Table 9.1) (RQ 1.1) toward their experience but did not have significant changes in 
their pre-/post-intervention interest in geology scores (z=-1.66, p=0.097, Table 9.1) (RQ 
1.2). The experience was effective in challenging the students to make conclusions by 
integrating what they have learned previously and with the observations they made in the 
classroom experience. However, students’ preference for the experience because it was 
hands-on did not translate to significant interest changes.  
A classroom experience participant mentioned that they would have preferred to 
discuss the geologic history of a location near where they attend college so that they could 
visit that place at their leisure. Place attachment is a combination of personal, emotional, 
and affirmative attachments to places that are meaningful to them (Semken et al., 2017). 
Students at the research institution may not have the same level of place attachment, a 
component of place-based education (Semken et al., 2017), to Grand Canyon as they would 
have place attachment to a geologic landmark closer to their university. Therefore, an 
activity based on a poster of Grand Canyon may not have triggered the formation of 
necessary personal and emotional attachments to Grand Canyon as a place, coupled with 
the similarity of the classroom experience to their typical lab sessions, may explain the 
 273 
 
insignificant difference between pre-/post-intervention interest in geology after the 
classroom experience.  
A future research avenue is to study how students respond to a similar classroom 
exercise if it had a local geologic landmark as the focus compared to Grand Canyon (Table 
9.3, Virtual experience-Improvements), which was chosen for the virtual experience 
because it has national cultural significance, and the virtual experience could be relevant 
to students from around the United States. Further, it may be worthwhile to consider 
designing virtual experiences that leverage place attachment to both local landmarks and 
places of national cultural significance. 
9.4 Attitudes and Interest in the Outdoor Experience 
Outdoor participants visited and experienced a local geologic place. Some outdoor 
participants, particularly from Fall 2018 lab classes, had previous field experiences in 
geology class, college, and high school. However, most of the participants in the outdoor 
experience did not have previous field experiences in college or high school. Notably, 
students had never completed a field experience like those in upper-level geology field 
courses that require synthesis of geologic history by making observations. Further, outdoor 
interview participants mentioned that there were aspects of the outdoor experience they 
had never done before, such as draw an outcrop, identify rocks found in place, and consider 
the geologic history of the area around their university. Outdoor interview participants 
enjoyed the experience because they know more about the geology in the area surrounding 
their university and understand that they can use their geology knowledge to make 
connections about the geologic history around them. Students found personal relevance of 
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their geology knowledge by linking it to a place where they already have an emotional 
connection, their university (Table 9.3). Personal relevance is an indicator of interest (Hidi 
& Renninger, 2006) and is likely a reason for outdoor participants’ significant changes in 
geology interest (z=-3.632, p=<0.0001) (RQ 1.3); this is also a reason that participants in 
the outdoor experience had the most positive attitudes toward their respective experience 
(3.60 ± 0.58) (RQ 1.1) (Table 9.3, Outdoor experience-Benefits of experience). However, 
the outdoor experience did contribute to significant differences in students’ attitudes 
between demographic groups (major, age, and college year, Table 9.2). Notably, this did 
not occur for the same demographic groups in the classroom or virtual experiences.  
However, the participants mentioned that looking at an outcrop and making 
observations about it was challenging considering they had never characterized an outcrop 
prior to the outdoor experience. The students noted the importance of having the researcher 
guide the experience and ask specific questions to help them focus their observations. The 
instructor helped the students model a cognitive skill known as signal-noise disembedding, 
in which experts are able to distinguish important features (signals) from objects or features 
that are nonessential (noise) (Reynolds, 2012). Signal-noise disembedding is a critical 
spatial cognitive skill that geologists develop and improve the longer they engage with 
geologic content.  
The outdoor students made some suggestions to improve the experience; they 
suggested that a longer debrief would improve their understanding of how they could go 
from making observations to drawing larger conclusions about the geology in the region. 
The students also suggested that researchers and the GTAs should emphasize that they 
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bring appropriate footwear would have made the experience more enjoyable (Table 9.3, 
Outdoor experience-Improvements). 
9.5 Cross-Case Synthesis  
The purpose of this cross-case synthesis is to retain the integrity of each case and 
compare within-case patterns across the cases (Yin, 2018). The within-case patterns that 
emerged from the three cases are described here and how they appeared differently in each 
case.  
9.5.1 Personal experience 
The students valued personal experience, in the form of hands-on application or a 
real-life context, from the classroom and outdoor experiences. Participants enjoyed the 
classroom experience because the activity allowed the students to apply concepts and 
procedural knowledge previously learned in geology lab and lecture in a hands-on way.  
Interview participants from the classroom experience also valued their experience because 
they could see a real-world application, or a context to apply geology knowledge they had 
learned throughout the semester; this contributed to positive attitudes toward the classroom 
experience (3.49 ± 0.67, Table 9.1). Interview participants also enjoyed the outdoor 
experience because they were able to use knowledge recently acquired from geology 
lecture and lab in a new context− an outcrop on their university’s campus. However, 
interview participants from the virtual experience did not think they had full agency to 
explore, move, and interact with objects within the environment. While the students may 
have felt like they were “really there,” or experienced presence in the virtual experience 
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from their interview responses, simply being “in” a space may not be enough interaction 
for students to feel they are personally experiencing the geology in Grand Canyon. This 
could explain virtual participants’ low sense of presence survey results (2.81 ± 0.70, Table 
9.1). Students suggested that the experience be completely three-dimensional so they could 
explore freely in any direction, but also have controls, such as hand controls with the HTC 
Vive (HTC, 2016) VR platform, that would allow them to interact tactilely with the 
environment.  
9.5.2 Sense of place  
Students in the outdoor experience enjoyed the experience because it enhanced their 
existing sense of place or place attachment, which is emotional attachment to a location 
(Semken & Freeman, 2008; Semken et al., 2017; van der Hoeven Kraft et al., 2011), of 
their university because they were able to use concepts learned in geology lecture and lab 
to an outcrop on campus. Thus, the students were able to find personal relevance, an 
indicator of interest (Hidi & Renninger, 2006), for their recently acquired geology 
knowledge and skills by doing the outdoor experience.  
While both participants in the classroom experience enjoyed the hands-on 
experience because it allowed them to have a context for applying their geology 
knowledge, the outcrop poster of Grand Canyon led one of the participants to suggest a 
classroom experience featuring a local place.   
An aspect of the virtual experience that students enjoyed was the vastness of 
looking over the rim of Grand Canyon, as well as being able to perceive objects close to 
them (outcrop with cross beds) and far away (looking out over Grand Canyon). These 
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aspects contributed to students’ spatial presence and to a sense of awe or aesthetic 
appreciation of Grand Canyon (van der Hoeven Kraft et al., 2011). While this sense of awe 
or aesthetic appreciation may lead to increased participants’ value for the Earth, many 
virtual experience participants had never visited Grand Canyon previously and did not have 
an existing sense of place, or place attachment, to Grand Canyon. However, the suggestion 
from the classroom experience participant to feature a local geologic landmark, instead of 
Grand Canyon, may be a useful consideration for future geology VR experience designers 
(Table 9.3). A local geologic landmark in a virtual experience could be a way for VR 
experience designers to tie geology knowledge students learn in introductory geology to 
locales around their universities and thus, connect existing place attachment with triggered 
situational interest in geology.  
9.5.3 Novelty 
Many virtual experience participants had never used VR in an educational setting. 
Thus, virtual experiences in geology classrooms triggered students’ situational interest in 
geology because of the use of VR as technological novelty in a geology educational setting. 
While students suggested improvements the research team could make in the experience, 
they enjoyed that they could see multiple geology concepts in one location. Another 
interesting finding was that students could translate the use of VR from geology to their 
own disciplines, suggesting ways that VR could be used for them to visualize structural 
load in civil engineering, or ways that VR could be used to offer out-of-state students a 
campus tour without requiring them to travel to the university.  
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Students in the outdoor experience also enjoyed being able to visit an outcrop on 
their campus they did not previously know about, as well as identifying rocks in place, 
whereas they typically identify rocks out of context in geology lab. Thus, the outdoor 
experience provided a novel context for students’ lab activities, which contributed to 
positive attitudes and increased geology interest.  
Students in the classroom experience noted that there was nothing surprising or 
exciting about the experience because they were in their same lab room with their regular 
GTA, which did not result in triggered situational geology interest. However, instructors 
who use novel technology, such as the virtual experience, may trigger students’ situational 
interest in geology.  
9.6 Trial Best Practices and Improvements 
9.6.1 Classroom experience 
A classroom experience interview participant mentioned that he had issues with 
recall of how to do rock identification late in the semester. In the future, the research team 
can administer the classroom experience earlier in the semester so that memory recall is 
not an issue or reinforce the content periodically before the classroom experience is 
implemented. The same participant mentioned that instead of using an outcrop in Grand 
Canyon as the basis of the classroom experience, it would be more interesting if the 
students could do the same rock identification and synthesis of geologic events for a 
geologic landmark close to their university (Table 9.3).  
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9.6.2 Outdoor experience 
Participants discussed ways to improve the outdoor experience. Students mentioned 
that the experience could have been more enjoyable if the GTA or the researcher told them 
to bring the proper footwear. In any future iterations of outdoor trials, the research team 
can emphasize to future GTAs and students that proper footwear is a requirement. 
Participants also mentioned they would have liked to interact more with the outcrop. While 
the researcher did not stop the students from interacting with the outcrop, the presence of 
a knee-deep stream undercutting the outcrop compounded by students’ inappropriate 
footwear may have prevented students from feeling like they could interact with the 
outcrop. Students with waterproof footwear may not have the same issues with feeling like 
they could not interact with the outcrop. The research team could also choose a different, 
more easily accessible outcrop in the future (Table 9.3).  
9.6.3 Virtual experience 
Participants mentioned issues that the research team could improve for future 
virtual experience trials. Students suggested that we use a VR system that has head straps 
so that they do not have to hold the headset up for the duration of the virtual experience. 
Participants also bumped into each other during the trials, which limited their sense of 
involvement in the experience. Therefore, future trials should ensure there is enough space 
for participants to swivel around in their chairs without bumping into other students.  
Participants suggested that we improve the quality of the sediment analysis charts, 
such as grain size, roundness, and sorting, so that they could more easily distinguish 
between the categories; they also suggested that we make the charts larger so students could 
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more easily compare images of the samples to the charts. Participants also suggested that 
we add more scenes and places to visit in the virtual experience because the activities in 
Grand Canyon became repetitive. While we would like to expand the virtual experience 
with more activities and scenes, there are pros and cons to expanding the experience (Table 
9.3). There is a greater possibility of more participants with cybersickness symptoms if we 
design a longer experience. There is also the issue with arm fatigue if we make the 
experience longer without adding head straps. A participant also mentioned that we should 
consider a VR system with hand controls, such as the HTC Vive (HTC, 2016), because it 
would allow participants to interact more with the virtual environment and provide a sense 
of being able to control the environment (Table 9.3). However, systems with hand controls 
are expensive and are therefore not feasible for the number of students in a typical geology 
lab classroom.  
Table 9.1: Summary of means and standard deviations of attitudes, interest, and sense of 
presence for classroom, outdoor, and virtual experiences. 
   Experience 
Scale, Likert 1-5 Aspect Classroom Outdoor Virtual 
Attitudes toward 
experience 
Combined 3.49 ± 0.67 3.60 ± 0.58 3.33 ± 0.71 
Learning tool 3.37 ± 0.69 3.54 ± 0.62 3.30 ± 0.71 
Environmental 3.63 ± 0.75 3.68 ± 0.67 3.36 ± 0.85 
Geology interest Pre-experience 3.13 ± 0.82 3.17 ± 0.77 3.20 ± 0.82 
Post-experience 3.27 ± 0.74 3.38 ± 0.85 3.39 ± 0.87 
Geology interest 
changes 
z, p -1.66, 0.097 -3.632, <0.0001 -5.533, <0.0001 
Sense of 
presence 
Presence 
  
2.81 ± 0.70 
Spatial presence 
  
3.05 ± 0.80 
Involvement 
  
2.62 ± 0.78 
Realness 
  
2.52 ± 0.92 
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Table 9.2: Summary of significant differences between means for each scale and subscale.  
 Presence Interest Attitudes 
 (Virtual only) Classroom Outdoor Virtual Classroom Outdoor Virtual 
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Age          *   *    * * *    
Gender     * *    *   *          
Race          *   *          
Major     * * *   * * * *    * *     
College Year      * *   *   *    * *     
Geology 
Enrollment 
        * *   *          
Previous 
Field-HS 
         *   *          
Previous 
Field-
College 
         *   *          
Previous VR       *   *   *  *        
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Table 9.3: Synthesis of benefits, improvements, affordances, and limitations with the 
classroom, outdoor, and virtual experiences. Words italicized indicate my interpretation 
of students’ comments into suggestions. 
 Benefits of 
experience 
Improvements Affordances Limitations 
Classroom 
experience 
• Personal experience • Local geologic 
landmark 
• Semester timing 
• Accessible “field” 
option 
• Simple to 
administer 
• Nothing 
surprising 
• Lack of novelty 
Outdoor 
experience 
• Personal experience  
• Sense of place 
• Novelty 
• Students with proper 
footwear 
• Encourage students 
to get closer to outcrop 
• More explanation 
• Rock names 
• Students able to 
see geology in situ 
 
• Not accessible 
to all 
• Weather 
• Not all 
institutions have 
visible geology 
on campus 
 
Virtual 
experience 
• Novelty of “cool 
technology”  
• Awe/sense of 
wonder 
• “Cool place”-
Grand Canyon 
• “Cool narrative”-
prospector 
 
• Not holding 
headset/headstraps  
• More space between 
students 
• Longer experience 
• Hand controls 
• Educational assets 
• Agency 
• Local place 
• Accessible “field 
option” 
• Anybody can 
create a VR 
experience 
• Transportation to 
rocks students are 
unable to visit in 
real life 
• No freedom to 
explore 
• Length of 
experience 
• Cybersickness 
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CHAPTER 10:  CONCLUSIONS, LIMITATIONS, AND IMPLICATIONS 
10.1 Conclusions, Implications, and Future Work 
 This chapter includes implications for theory, as well as methodological and 
practical implications. This chapter also includes limitations to the current study and 
directions for future work.  
The research team conducted iterative development (Trials 1 and 2) and curriculum 
and instructional design of a novel virtual reality geology field experience set in Grand 
Canyon. For the main study, the primary researcher used a mixed methods concurrent 
triangulation study with multiple-case study methodology to assess participants’ affective 
responses to classroom, outdoor, and virtual geology field experiences, to explore 
underlying reasons for any observed differences, and to explore how participants 
experienced a sense of presence in the virtual experience. 
Based on quantitative analyses of survey responses, there were statistically 
significant increases in students’ geology interest related to outdoor and virtual reality 
geology field experiences. Qualitative analysis showed that the outdoor and virtual reality 
geology field experiences triggered students’ situational interest in geology because they 
were novel experiences to the students, while the classroom experience felt like a typical 
session in geology lab class to students which did not contribute to significant increases in 
their geology interest. Students enjoyed that the classroom, outdoor, and virtual 
experiences required them to relate their own observations to conclusions about a particular 
geologic setting, and students enjoyed that the outdoor experience enabled them to 
associate their geology knowledge with an outcrop where they already had a strong sense 
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of place, their university. However, students had the least positive attitudes toward the 
virtual experience, as well as a low to moderate sense of presence, because of unrealistic 
aspects of the experience such as geologic tools, assets, and embedded questions, as well 
as participants experiencing cybersickness symptoms. 
10.1.1 Theoretical implications 
The researcher used the affective domain framework for teaching in geoscience 
(van der Hoeven Kraft et al., 2011) to design a novel virtual reality geology field experience 
by featuring a place with national cultural significance and expansive views, as well as 
using a prospector narrative to add personal relevance. The four-phase model of interest 
development (Hidi & Renninger, 2006) is an aspect of the affective domain framework for 
teaching in geoscience. This four-phase model of interest development was used as a 
theoretical lens to assess the virtual experience and parallel classroom and outdoor 
experiences. Other geoscience education researchers, specifically Bursztyn et al. (2017), 
have used this model to assess student interest changes after augmented reality geology 
field trips. However, this study extends previous studies using Hidi and Renniger’s model 
(2006) to other pedagogical approaches, and demonstrates that virtual and outdoor geology 
field experiences, but not classroom experiences, can trigger situational interest in geology. 
Qualitative findings showed that novel experiences (i.e., virtual reality or outdoor contexts) 
that also generate a sense of place attachment, personal relevance, or a sense of awe, 
components of the affective domain framework for teaching in geoscience (van der Hoeven 
Kraft et al., 2011) can trigger situational interest. Thus, the affective domain framework 
for teaching and the four-phase model of interest development are relevant frameworks for 
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developing virtual reality geoscience learning experiences and assessing student outcomes 
in those experiences. 
10.1.2 Methodological implications 
The researcher used a concurrent triangulation mixed methods study with multiple-
case study methodology in order to capture quantitative comparisons with qualitative 
explanations. To date, no other geoscience researchers have compared students’ affective 
quantitative responses from a virtual experience to similar classroom and outdoor 
experiences. Further, interviews with students from all three experiences allowed us to 
explain what aspects of each of the experiences contributed to their quantitative responses. 
Thus, a mixed methods approach allowed the researcher to not only determine students’ 
attitudes, interest changes, and sense of presence, but the researcher was able to determine 
the aspects of each experience that contributed to the quantitative findings. The researcher 
recommends using a mixed methods approach to other geoscience educators implementing 
novel technologies so that any quantitative trends can be explained, and students’ rich 
feedback from the experiences can be collected.  
Virtual experience administrators worked to eliminate technical and logistical 
issues prior to students engaging with the virtual experience. The administration team 
loaded the virtual experience onto all 28 smartphones in the Google Cardboard headsets. 
The administration team charged the headset smartphones prior to each day of virtual 
experiences, and smartphones that had low battery or were overheating were replaced with 
headsets with charged smartphones. During virtual experience administration, there were 
at least two researchers in the trial room to mitigate any technical issues, such as error or 
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pop-up messages and participants unable to advance the experience. During Trial 3, some 
headphones that students provided would trigger error messages on the smartphones. 
Therefore, the administration team ordered headphones that would remain with the headset 
and either a researcher or a participant would clean the headphones after each use. An 
administrator would also wipe the headsets down or give sanitary wipes to participants to 
wipe down after each use. Therefore, the researcher recommends not only testing novel 
educational technologies for issues and glitches prior to class implementation, but also 
having other researchers familiar with the technology available to help with issues.  
Because of issues with error messages and participants unable to advance their 
experiences, some students in Trial 3 would have to restart their experience; students would 
start back at the introductory theatre scene (see 3.5.1 Opening theatre sequence) and lose 
valuable trial time. The research team was also concerned about diminished enjoyment of 
the experience. Therefore, the researcher added a backdoor to the opening theatre scene so 
that students could bypass the introduction if they had to restart the experience. The 
researcher recommends to other geoscience education researchers implementing novel 
technologies that provide “backdoors” or other bypasses to linear experiences. Virtual 
participants also commented that they would bump into the person beside them; therefore, 
other virtual experience researchers should consider creating a trial environment where the 
participants are not overcrowded, and their sense of presence cannot be interrupted.  
Another methodological implication is that the researcher developed a procedure 
(Appendix G: Transcription Procedure) to transcribe interviews using Adobe Premiere Pro, 
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YouTube, and Microsoft Word that will save time and money by not requiring researchers 
to either transcribe interviews manually or send them to a transcription service.  
10.1.3 Practical implications 
This study shows that virtual and outdoor experiences can trigger situational 
interest in geology. Therefore, the researcher recommends that instructors use outdoor field 
experience, if available, in geology lab classes. However, for instructors without immediate 
access to exposed geology or geological processes or a desire to design courses that are 
inclusive for all students, virtual experiences are a viable alternative because students had 
similar attitudes (no significant differences) toward the virtual experience regardless of 
demographic characteristics. Further, instructors could design virtual experiences that 
feature local places, landmarks of national cultural significance, or a hybrid of both to 
highlight the universality and diversity of geological processes.  
10.1.4 Limitations 
A limitation in this study was that we were unable to recruit any outdoor 
participants to interview during Trial 3. Therefore, we adjusted by conducting another 
round of trials (Trial 4) with the intention of recruiting and interviewing outdoor 
participants. We recruited all three interview participants from the outdoor experience in 
Trial 4.  
Because the goal of Trial 4 was to explore outdoor and virtual experiences, we did 
not have any participants complete the classroom experience during Trial 4. Because of 
issues with survey administration in Trial 3, the classroom participants (all from Trial 3) 
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did were not given the complete Attitudes toward Classroom Experiences survey, and we 
only used 9 items from the learning tool and environmental aspects because of survey 
administration and item reliability issues. Therefore, we did not attain a full quantitative 
picture of the classroom participants’ attitudes toward the classroom experience.  
Another limitation in this study was that participants self-selected to be interviewed 
about their experiences. While we did try to recruit participants selectively based on their 
positive and negative changes in interest between the pre- and post-intervention surveys, 
we had to expand the interview invitation to all participants to get at least two interview 
participants from each experience. Another limitation with interview recruitment was that 
because quantitative analysis was not completed until after interviews had already been 
conducted, we could not specifically recruit participants to explain statistical findings, such 
as significant differences in interest, attitudes toward the respective experiences, or sense 
of presence in the virtual experience by demographic characteristics such as gender and 
racial identity, age, and college year.  
10.1.5 Future work 
This research has implications for research and future work. This study shows that 
students can show changes in affect, particularly in geology interest, because of outdoor 
and virtual geology field experiences. Students enjoyed the classroom experience because 
it required them to synthesize observations with their previous geology knowledge; 
however, the classroom participants mentioned that it felt similar to a regular geology lab, 
and there was nothing striking about it. One future research avenue is to implement the 
classroom and virtual experiences featuring Grand Canyon and compare it to a local 
 289 
 
landmark to determine if sense of local place is more powerful for triggering situational 
interest in geology, or if it could be advantageous to combine experiences featuring both 
local places with landmarks of national cultural significance. Future work will also focus 
on determining the relationship between sense of place, personal attachment, and interest 
given that these aspects were related for outdoor participants.  
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APPENDIX A: CLASSROOM EXPERIENCE LEARNING OBJECTIVES 
GEOL 1030 Physical Geology Classroom Laboratory Exercise 
Pre-exercise objectives 
• Students will demonstrate their knowledge of basic geologic principles. 
o Students will draw geologic layers according to the Principle of Original 
Horizontality and the Law of Superposition. 
o Students will order geologic events from oldest to youngest.  
o Students will connect geologic layers according to the Principle of Lateral 
Continuity. 
Exercise objectives 
• Students will identify rocks and minerals in a simulated field exercise.  
• Students will sketch relevant features (defined later in the exercise) in an outcrop. 
• Students will make observations about the outcrop.  
• Students will summarize the geologic history of the field location.  
• Students will role-play as geologic prospectors.  
• Students will decide if the outcrop contains gold or not.  
Time to complete: 30-45 mins 
Materials 
• Pencil 
• Lab exercise 
• Lab manual 
Vocabulary 
Outcrop:  
Scale:   
Contact:  
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Intrusion:  
Background Information 
Gold Deposits 
 
Gold occurs in two primary types of deposits: placers and lodes.  
Lodes are the actual sites where gold has formed in solid rock. The typical host rock is a 
metamorphic rock that has been formed by heat, pressure, and chemically active hot water 
(a process known as hydrothermal alteration). Some lodes are vein deposits which form as 
hot, metal-rich liquids move upward through cracks and fractures in the host rock, reacting 
with existing minerals in the rock, and then solidifying. 
Placers are sediment deposits, usually associated with streams, which form as flowing 
water erodes gold or gold-bearing minerals from their places of origin in solid rock. Gold 
is one of a small group of chemical elements called “native elements” that occur naturally 
in a pure state (uncombined with other elements).  
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Pre-exercise assessment-10 minutes 
Principle of original horizontality:  
1. In the box below, please draw and label 3 different layers (A, B, C) of rock in the 
box below with the assumption they formed from sediment deposited by gravity.  
Principle of superposition:  
2. In the box below, please label the layers in order from youngest to oldest.  
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Principle of Lateral Continuity: The principle of lateral continuity states that layers of 
sediment initially extend laterally in all directions.  
3. In the diagram below, connect the rock units and add appropriate symbols.  
4. Label the units from oldest (1) to youngest (5).  
 
Principle of Cross-Cutting Relationships: If one rock cuts through another rock, then the 
rock cutting through is younger.  
Order the labeled rocks (A-I) from oldest to youngest.  
Youngest  
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Oldest  
 
End Pre-Activity Exercise 
EXERCISE 
Outcrop observations 
There are enlarged images of outcrops around the lab room. You are a prospector using 
your geologic knowledge about rock types, formational environments of rocks (igneous, 
sedimentary, and metamorphic), and what you have learned about gold deposits to 
determine if these rocks COULD contain gold.  
1. Geologists make sketches of outcrops so they can organize their field 
observations. Your outcrop observations should include the following 
information: 
• Title: What you’re looking at, location (1pt) 
• Scale: Draw something that will give you a sense of size for when you’re 
out of the field. 
• Orientation: which direction is east, west, north, south in your drawing. 
Use the compass on your phone.  
• Sketch of outcrop should include the following elements with labels:  
o Rock types (A and B samples use sedimentary key; C use igneous 
key) 
o Outcrop features (faults, folds, etc.) 
o Contacts between rock types 
 
2. Please make some interpretations about what you observed in the outcrop. The 
interpretations should include the following: 
• Order of geologic events that happened at this outcrop 
o How the types of rocks got in their locations (deposited, 
intruded, faulted, etc.). 
• Regional geology events that caused outcrop features (rifting, 
collision, etc.)  
• Evaluate if each unit could have gold  
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APPENDIX B: OUTDOOR EXPERIENCE LEARNING OBJECTIVES 
GEOL 1030 Physical Geology Field Laboratory Exercise 
Exercise objectives 
• Students will role-play as geologic prospectors.  
• Students will identify rocks and minerals in the field. 
• Students will sketch relevant features (defined later in the exercise) in an outcrop. 
• Students will make observations about the outcrop.  
• Students will summarize the geologic history of the field location. 
• Students will decide if the outcrop contains gold or not.  
Time to complete: 1 hour 
Materials 
• Shoes (that you don’t mind getting muddy or wet) 
• Clipboard or binder 
• Pencil 
• Lab exercise 
• Rock box 
Vocabulary 
Outcrop:  
Scale:  
Contact:  
Intrusion:  
Orogeny:  
Metamorphism:  
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Overview of Appalachian Geology 
The Appalachian Mountains were constructed along the Eastern United States by a series 
of mountain building events that have occurred over the past 1 billion years (1Ga). The 
rocks surrounding Clemson represent the Appalachian metamorphic core and the minerals 
in the rocks indicate they have gone through increased metamorphic heat and pressure. 
You and a partner are geologists prospecting for gold. You will use the observations you 
make during this lab exercise to determine IF these rocks could contain gold.  
Series of Geologic Events, Appalachian Mountains 
Age Event Diagram              
1 
billion 
years 
North America (Laurentia) and 
Africa (Gondwana) were 
originally joined ~1 billion years 
ago in a mountain range that 
preceded the Appalachians. 
 
 
 North America (Laurentia) and 
Africa (Gondwana) split apart 
and were separated by tectonic 
forces. 
What type of plate boundary is 
this? 
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What type of faults happen 
during rifting? 
                                                   
    
 
750 
millio
n 
years 
What kind of plate boundary is 
creating the volcanic arc? 
                                                   
   
 
 As oceanic crust is subducted, 
exotic terranes left from 
continental rifting as well as 
volcanic arcs are joined to the 
Eastern side of N. America. 
 
500 
millio
n 
years 
Africa (Gondwana) approaches 
the Eastern side of N. America 
(Laurentia). 
 
330-
300 
millio
n 
years 
ago 
What kind of plate boundary is 
represented in the diagram? 
                                                   
    
What kind of faults happen at 
these types of plate boundaries? 
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240-
160 
millio
n 
years 
ago 
What kind of plate boundary is 
represented by the rifting of 
Africa and N. America? 
                                                   
    
What kind of faults happen at 
these types of plate boundaries? 
                                                   
    
 
 
Gold Deposits 
 
Gold occurs in two primary types of deposits, lodes and placers.   
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Lodes are the actual sites where gold has formed in solid rock. The typical host rock is a 
metamorphic rock that has been formed by heat, pressure, and chemically active hot water 
(a process known as hydrothermal alteration). Some lodes are vein deposits which form as 
hot, metal-rich liquids move upward through cracks and fractures in the host rock, reacting 
with existing minerals in the rock, and then solidifying. 
Placers are sediment deposits, usually associated with streams, which form as flowing 
water erodes gold or gold-bearing minerals from their places of origin in solid rock. Gold 
is one of a small group of chemical elements called “native elements” that occur naturally 
in a pure state (uncombined with other elements).  
 302 
 
Outcrop observations 
Geologists make sketches of outcrops so they can organize their field observations. Your 
outcrop observations should include the following information: 
▪ Title: What you’re looking at, location (e.g., Grand Canyon, Northern Arizona, 
USA).  
▪ Scale: Draw something that will give you a sense of size for when you’re out of 
the field (dollar bill, soda bottle).  
▪ Orientation which way is east, west, north, south in your drawing. Use the 
compass on your phone.  
▪ Sketch of outcrop should include the following elements with labels. 
o Outcrop features (faults, folds, etc.).  
o Rock types  
o Contacts between rock types 
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Please make some interpretations about what you observed in the outcrop. The 
interpretations should include the following: 
• Order of geologic events that happened at this outcrop  
o How the types of rocks got in their locations (deposited, intruded, faulted, 
etc.). 
• Regional geology events that caused outcrop features (rifting, collision, etc.)  
• Evaluate whether the rocks in this outcrop contain gold or not. Explain your logic.  
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Use the following diagram to answer questions related to your field exercise. 
1. Using the mineral identity from the rocks in the outcrop, what is the metamorphic 
grade of the rocks?  
 
2. What is your estimate range of the temperature(°C) and pressure (megapascals, 
MPa) that the rocks from the outcrop experienced?  
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APPENDIX C: SEMI-STRUCTURED INTERVIEW PROTOCOL 
All 
Virtual reality question 
Field experience 
Traditional experience 
Interview Question Justification for Question Link to Research 
Question 
Potential response 
What is your name? For the record  “Jane Smith” 
Why did you take introductory 
geology? 
Differentiating between geology as individual 
interest/requirement 
RQ 1.3 “I took geology because I had to take 
a science class.” or “Geology has 
always fascinated me.” 
What parts of geology class have you 
liked/disliked so far? 
Differentiating between learning context (classroom, 
instructor, labmates) and content. Potential to uncover 
interest in learning context.  
RQ 1.1 “I liked my professor.” or “I had fun 
labmates.” 
What geology topics have you 
like/disliked so far? 
Differentiating between learning context and content. 
Geology topics that lead to situational interest. Topics 
that did not lead to situational interest.  
RQ 1.1 “I’ve really enjoyed learning about 
volcanoes” or “I really didn’t like 
learning about groundwater.” 
Describe the field experience to me. The participants describe the field experience in their 
own words. Parts of the experience that were striking, 
interesting to participant.  
RQ 1.1, RQ 1.3 “We met at the geology museum…” 
or “I looked at rocks in a creek.” 
How did you feel about…parts of the 
field experience? 
Potentially outlining the salient parts of the 
experience that were meaningful to participant. 
RQ 1.1 “I liked that we got to go outside for 
class.” or “I didn’t like getting my 
feet.” 
Describe the virtual experience to me.  The participants describe the virtual experience in 
their own words. Parts of the experience that were 
striking, interesting to participant. 
RQ 1.1, RQ 2.1 “I put on the headset and saw the 
Grand Canyon” 
How did you feel about …parts of the 
virtual experience? 
Potentially outlining the salient parts of the 
environment that were meaningful to participant. 
RQ 1.1, RQ 2.1 “It was cool to apply the things  
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Describe the classroom experience to 
me. 
The participants describe the field experience in their 
own words. Parts of the experience that were striking, 
interesting to participant. 
RQ 1.1, RQ 1.3 “The instructor put up large posters 
of outcrops in the class.” 
How did you feel about…parts of the 
classroom experience? 
Potentially outlining the salient parts of the 
environment that were meaningful to participant. 
RQ 1.1 “I liked being able to apply things 
we’ve learned previously.” or “I 
didn’t like that we had to remember 
things from the beginning of the 
semester. 
What activities in the virtual 
environment did you like/dislike, for 
example, grain size identification? 
Differentiating between virtual context and geology 
content. 
RQ 1.1 “I liked using the geology tools.” 
What do you think you learned during 
this experience? What parts 
contributed to your learning? 
Determining any links between knowledge 
acquisition/application of knowledge and interest 
changes.  
RQ 1.1, RQ 1.3 “I learned what geologists do 
because we used tools geologists 
use.” 
What parts of the virtual environment 
were realistic/unrealistic? 
Realness is a part of presence.  RQ 2.1 “The environment didn’t look like 
real life.” or “This really looked like 
the Grand Canyon.” 
What could be added or removed to 
make the environment seem more 
realistic? 
Discovering parts of the experience that could lead to 
greater sense of presence. 
RQ 2.1 “The trees could be more realistic.” 
How big did the virtual environment 
feel? 
Spatial presence is a part of presence.  RQ 2.1 “It felt like a big space.” 
What could make the size of the 
virtual environment more realistic? 
Discovering parts of the environment that could lead 
to a greater sense of presence.  
RQ 2.1 “Designing a bigger space would 
make the environment seem more 
realistic.” 
Did you notice anything about the 
classroom when you were in virtual 
reality? If so, what did you notice? 
Involvement is a part of presence. Awareness of 
reality could have led to decreased presence. 
RQ 2.1 “I didn’t really notice anything about 
the classroom space when I was in 
VR.” or “I kept hearing people talk 
around me.” 
How did this virtual reality 
environment affect your feelings 
about virtual environments? 
Determining what aspects of virtual reality 
environment influenced how participants see VR 
being used. Potentially relating presence to emotions.  
RQ 2.2 “I’ve never done VR so this was a 
cool first experience.” or “This was 
different than previous VR 
experiences.” 
What parts of the experience surprised 
you? 
Determining what parts of the various experiences 
elicited emotional responses.  
RQ 1.1, RQ 1.3 “I was surprised at the fact I could 
walk around.” or “I was surprised 
this looked like the Grand Canyon.” 
 307 
 
What parts of the experience were 
interesting to you? 
Determining parts of the experiences that relate to 
situational interest.  
RQ 1.3 “The environment looked cool.” Or 
“It was cool to walk around in virtual 
reality.” 
How did the virtual environment 
affect your feelings about geology 
field experiences? 
Feelings and emotions are part of the affective 
framework. Emotions can relate to a greater sense of 
presence. 
RQ 2.2 “Because of this virtual experience, I 
don’t think I would like to do a real 
geology field experience.” 
How did the virtual environment 
affect your feelings about geology? 
Feelings and emotions are part of the affective 
framework. Emotions can relate to a greater sense of 
presence. This question can help separate feelings 
about experience from feelings about topic.  
RQ 2.2 “The virtual environment helped 
show me how geologists apply what 
they learned.” 
What parts of the virtual environment 
were meaningful to you? 
Determining which experience aspects the 
participants valued.  
RQ 2.2 “The virtual environment helped me 
see what a geologist does.” 
Would you like to do a geology field 
trip to the Grand Canyon in real life? 
Why/Why not? 
Translation of interest in experience to individual 
interest.  
RQ 1.3 “Absolutely. I think it would be 
really cool to study geology in the 
Grand Canyon.” 
Because of this experience, do you 
think you are more likely to think 
about the geology around you? 
Situational interest to individual interest. Internalizing 
values (affective domain).  
RQ 1.3 “Yeah! I was able to apply what I 
learned from earlier classes to a field 
experience. I’m definitely more 
likely  
Because of this virtual/traditional/field 
experience, would you consider 
becoming a geology major? 
Why/Why not? 
Aspects of situational interest that may translate to 
individual interest.  
RQ 1.3 “Maybe? I think it’s interesting but I 
don’t know if it’s enough for me to 
change my major.” 
Real-life geologists do similar 
activities to the virtual/field/classroom 
experiences in their day-to-day lives. 
Would you be interested in becoming 
a geologist based on these activities? 
Why/why not? 
Aspects of situational interest that may translate to 
individual interest.   
RQ 1.3 “If this is what some geologists do on 
a day-to-day basis, then I would love 
to become a geologist.” 
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APPENDIX D: PRE-INTERVENTION SURVEY 
Pre-Intervention Survey 
 
 
Start of Block: Consent 
 
Q1 Dr. Catherine Mobley is inviting you to take part in a research study. Dr. Mobley is a Professor of 
Sociology at Clemson University. Victoria Sellers is a PhD candidate at Clemson University in Engineering 
and Science Education, running this study with the help of Dr. Mobley. 
 
The purpose of this research is to use new innovations in the field of virtual reality, specifically the recent 
development of the Oculus Rift and Google Cardboard technologies, to provide geoscience educators the 
means to give every student a field experience. We are developing virtual field trips through the Grand 
Canyon to illustrate some key geological concepts.  
 
 
The goal of this project is to make a virtual reality game for students enrolled in the introductory Geology 
classes, such as Geology 1010. The purpose of this game is to give students field experience and what they 
should expect while they are out in the field. The setting of this game is in the Grand Canyon, this area 
holds history that goes back to over 3 billion years and it has 40 identified rock layers. This area is useful 
for Geology 1010 students because it contains most of the topics that are covered in class including the 
identification of geologic processes. 
 
There are four different interventions in this experiment: a traditional lab exercise, a field exercise, and two 
different virtual reality field experiences. Your class will be sorted into one of these experiences that will 
be administered later in the semester.  
 
 
 
Page Break  
 
 
Q3 The results of this project may be quoted in research reports, journal articles, and books that will be 
written by the researchers. We will do everything we can to protect your privacy and confidentiality. We 
will not tell anybody outside of the research team that you were in this study or what information we 
collected about you in particular. Your name will not be used in any publications. The transcripts, both 
paper and electronic versions, will be secured in the privacy of the researcher’s office and any audio tapes 
of my conversation with the researcher will be destroyed at the end of the study. 
 
 
 
Q4 There are certain discomforts that you might expect if you take part in the virtual treatments of this 
project. These discomforts could include dizziness, nausea, and vertigo resulting from using the headsets. 
You may benefit from learning more about virtual reality technology and basic geological concepts. The 
researchers will learn more about how virtual reality technology can be used to teach geology.  
 
 
 
Q29 You do not have to be in this study. You may choose not to take part and you may choose to stop 
taking part at any time. You will not be punished in any way if you decide not to be in the study or stop 
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taking part in the study. If you decide not to take part or stop taking part in this study, it will not affect your 
grade in any way.  
 
 
Page Break  
 
 
Q5 If you have any questions or concerns about this study or if any problems arise, please contact 
Catherine Mobley at Clemson University at 864-656-2398.     If you have any questions or concerns about 
your rights in this research study, please contact the Clemson University Office of Research Compliance 
(ORC) at 864-656-6460 or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please 
use the ORC’s toll-free number, 866-297-3071. 
 
 
 
Q6 Please type your name below indicating your consent for participating in this trial session. 
________________________________________________________________ 
 
 
Page Break  
 
End of Block: Consent 
 
Start of Block: Demographic Information 
 
Q7 What is your age? 
________________________________________________________________ 
 
 
 
Q8 What is your email? 
________________________________________________________________ 
 
 
 
Q9 With which racial and ethnic group(s) do you identify? Please mark all that apply.  
American Indian or Alaska Native  (1)  
Asian  (2)  
Black or African American  (3)  
Hispanic, Latino, or Spanish Origin  (4)  
Middle Eastern or North African  (5)  
Native Hawaiian or Other Pacific Islander  (6)  
White  (7)  
Some other race or ethnicity  (8) ________________________________________________ 
 
 
 
Q10 How do you describe your gender identity?  
Male  (1)  
Female  (2)  
Other  (3) ________________________________________________ 
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Q11 What year in college are you? 
First year  (1)  
Second year  (2)  
Third year  (3)  
Fourth year  (4)  
 
 
 
Q12 What is your current major? 
▼ Accounting (215) ... Youth Development Studies (286) 
 
 
 
Q13 Select one of the combinations below that best describes your enrollment in Physical Geology.  
Just the class  (1)  
Class and laboratory  (2)  
Just the laboratory  (3)  
 
End of Block: Demographic Information 
 
Start of Block: Previous field experiences 
 
Q14 Did you participate in a field experience or outdoor lab in high school? 
Yes  (1)  
No  (2)  
 
 
Display This Question: 
If Did you participate in a field experience or outdoor lab in high school? = Yes 
 
Q15 In what class/program did you participate in a field experience or outdoor lab in high school? 
________________________________________________________________ 
 
 
 
Q16 Have you participated in a field experience or outdoor lab while at college? 
Yes  (1)  
No  (2)  
 
 
Display This Question: 
If Have you participated in a field experience or outdoor lab while at college? = Yes 
 
Q17 In what class(es) have you participated in a field experience or outdoor lab? 
________________________________________________________________ 
 
 
Display This Question: 
If Have you participated in a field experience or outdoor lab while at college? = Yes 
 
Q18 What types of field experiences have you participated in (please select all that apply)? 
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Short class field trip   (1)  
Day-long class field trip  (2)  
Multiple day class field trip  (3)  
Weeklong or multiple week field trip  (4)  
 
End of Block: Previous field experiences 
 
Start of Block: Previous virtual reality experiences 
 
Q19 Have you ever experienced virtual reality (e.g. Oculus, Vive, Google Cardboard, Dave and Buster's 
game, etc.)? 
Yes  (1)  
No  (2)  
 
 
Display This Question: 
If Have you ever experienced virtual reality (e.g. Oculus, Vive, Google Cardboard, Dave and Buster's... = 
Yes 
 
Q20 In what context(s) have you used virtual reality? 
Classroom  (30)  
Personal use  (31)  
Research study  (32)  
Arcade game  (33)  
 
 
Display This Question: 
If In what context(s) have you used virtual reality? = Research study 
 
Q21 In which research study did you participate? 
________________________________________________________________ 
 
 
Display This Question: 
If In what context(s) have you used virtual reality? = Classroom 
 
Q22 In what class did you experience virtual reality? 
________________________________________________________________ 
 
 
Display This Question: 
If Have you ever experienced virtual reality (e.g. Oculus, Vive, Google Cardboard, Dave and Buster's... = 
Yes 
 
Q23 How often have you used virtual reality for personal use? 
Once or twice  (1)  
Approximately once a month  (2)  
Approximately once a week  (3)  
Multiple times per week  (4)  
 
 
 
Q24 How likely are you to enroll in a class if you were aware it contained virtual reality? 
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Extremely likely  (1)  
Somewhat likely  (2)  
Neither likely nor unlikely  (3)  
Somewhat unlikely  (4)  
Extremely unlikely  (5)  
 
End of Block: Previous virtual reality experiences 
 
Start of Block: Interest in geology 
 
Q25 Please indicate the extent to which you agree with the following statements. 
 
Strongly agree 
(1) 
Somewhat 
agree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
disagree (4) 
Strongly 
disagree (5) 
I've always 
been 
fascinated with 
geology. (1)  
     
I chose to take 
Physical 
Geology 
because I'm 
really 
interested in 
the topic. (2)  
     
I'm really 
excited about 
taking this 
class. (3)  
     
I'm really 
looking 
forward to 
learning more 
about geology. 
(4)  
     
I think the 
field of 
geology is an 
important 
discipline. (5)  
     
 
 
End of Block: Interest in geology 
 
Start of Block: Interest in geology 2 
 
Q26 Please indicate the extent to which you agree with the following statements. 
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Strongly agree 
(1) 
Somewhat 
agree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
disagree (4) 
Strongly 
disagree (5) 
I think that 
what we study 
in Physical 
Geology will 
be important 
for me to 
know. (1)  
     
I think that 
what we study 
in Physical 
Geology will 
be worthwhile 
to know. (2)  
     
This class is 
my first 
exposure to the 
field of 
geology. (3)  
     
I already have 
some 
background in 
geology (e.g. I 
studied 
geology in 
another class 
or did reading 
on my own). 
(4)  
     
 
 
End of Block: Interest in geology 2 
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APPENDIX E: POST-INTERVENTION SURVEY  
 
 
Start of Block: Demographic information 
 
Q1 What is your name? 
________________________________________________________________ 
 
 
 
Q2 What is your email? 
________________________________________________________________ 
 
 
 
Q3 What is your current major? 
▼ Accounting (1) ... Youth Development Studies (72) 
 
 
 
Q4 Which lab experience did you complete? 
Outdoor lab-stream near geology museum  (1)  
Virtual reality grand canyon experience  (2)  
 
 
 
Q5 We are asking for volunteers to interview about their experiences next week. Your opinions are 
important to the focus of our research. Would you be interested in being interviewed? 
Yes  (1)  
No  (2)  
 
 
 
Q6 Thank you for your interest. What is the best way to contact you? 
Email  (1)  
Mobile Phone  (2) ________________________________________________ 
 
End of Block: Demographic information 
 
Start of Block: Attitudes towards field trips 1 
 
 
Q13 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
The field trip 
helped me in 
understanding 
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of material 
learned in class. 
(1)  
The field trip 
was a waste of 
time. (2)  
     
What I liked 
from the field 
trip was the 
adventure 
(going in the 
woods, 
climbing in a 
stream, etc.) (3)  
     
I would like to 
participate in 
more field trips 
since this was a 
good way to 
learn the 
subject. (4)  
     
 
 
End of Block: Attitudes towards field trips 1 
 
Start of Block: Attitudes towards field trips 2 
 
 
Q14 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
I would like to 
have more field 
trips since they 
are a lot of fun. 
(1)  
     
The things I 
observed in the 
field trip do not 
help me in 
understanding 
the material 
taught in class. 
(2)  
     
I like field trips 
which involve a 
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lot of walking. 
(3)  
It is a pity that 
we do not have 
more field trips, 
since this was 
an enjoyable 
way to learn. 
(4)  
     
What I like 
most on field 
trips are the 
adventures. (5)  
     
 
 
End of Block: Attitudes towards field trips 2 
 
Start of Block: Attitudes towards field trips 3 
 
 
Q15 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (3) 
Neither agree 
nor disagree 
(4) 
Somewhat 
agree (5) 
Strongly agree 
(7) 
I like to go on 
field trips, since 
it is important 
for me to 
understand the 
environment in 
which I live. (1)  
     
I returned from 
the field trip 
with a lot of 
experiences. (2)  
     
The field trip 
increased my 
awareness of 
environmental 
issues. (3)  
     
After the field 
trip, I did not 
remember the 
explanations 
given by the 
teachers. (4)  
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The field trip 
was important 
since it 
demonstrates 
and illustrates 
the concepts 
learned in class. 
(5)  
     
 
 
End of Block: Attitudes towards field trips 3 
 
Start of Block: Attitudes towards field trips 4 
 
 
Q16 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
In the field 
trip, working 
with the 
worksheets 
interfered with 
my enjoyment 
of the event. 
(1)  
     
The material 
learned during 
the field trip 
will remain in 
my memory 
for a long time. 
(2)  
     
I would like to 
have more 
field trips, 
since it helps 
in learning 
geology. (3)  
     
I do not like 
field trips 
which include 
a lot of 
walking. (4)  
     
 
 
End of Block: Attitudes towards field trips 4 
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Start of Block: Attitudes towards field trips 5 
 
Q17 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (16) 
Somewhat 
disagree (17) 
Neither agree 
nor disagree 
(18) 
Somewhat 
agree (19) 
Strongly agree 
(20) 
The field trip 
does not 
contribute to 
my connection 
with nature. (1)  
     
Learning in the 
classroom is 
more effective 
than learning 
during a field 
trip. (2)  
     
The field trip 
increases my 
enjoyment of 
the subject 
matter. (3)  
     
 
 
End of Block: Attitudes towards field trips 5 
 
Start of Block: Attitudes towards field trips 6 
 
Q18 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
Familiarity 
with different 
parts of nature 
increases my 
connection to 
the Earth. (1)  
     
The field trip 
does not 
increase my 
interest in the 
learning 
material. (2)  
     
I understand 
natural 
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phenomenon 
better after 
observing them 
in a field trip. 
(3)  
Field trips 
make me take 
an interest in 
and search for 
additional 
information in 
the literature. 
(4)  
     
 
 
End of Block: Attitudes towards field trips 6 
 
Start of Block: Virtual reality experience 
 
Q32 Did you finish the virtual experience (to the point where you told to take the headset off)? 
Yes  (1)  
No  (3)  
 
 
 
Q33 What was the reason you were unable to complete the virtual reality experience? 
Technical issues with phone/experience  (1)  
Issues related to cybersickness (nausea, dizziness, eye fatigue, etc)  (2)  
 
End of Block: Virtual reality experience 
 
Start of Block: Attitudes towards virtual field trips 1 
 
 
Q19 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
The virtual field 
experience 
helps me in 
understanding 
of material 
learned in class. 
(1)  
     
The virtual field 
experience is a 
waste of time. 
(2)  
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What I like in a 
virtual field 
experience is 
the adventure : 
e.g. new 
environment, 
climbing 
mountains, 
crossing rivers, 
etc. (3)  
     
I would like to 
participate in 
more virtual 
field 
experiences 
since this is a 
good way to 
learn the 
subject. (4)  
     
 
 
End of Block: Attitudes towards virtual field trips 1 
 
Start of Block: Attitudes towards virtual field trips 2 
 
 
Q20 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
I would like to 
have more 
virtual field 
experiences 
since they are a 
lot of fun. (1)  
     
The things I 
observe in the 
virtual field 
experience do 
not help me in 
understanding 
the material 
taught in class. 
(2)  
     
I like virtual 
field 
experiences 
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which involve a 
lot of walking 
in the 
environment. 
(3)  
It is a pity that 
we do not have 
more virtual 
field 
experiences, 
since this is an 
enjoyable way 
to learn. (4)  
     
What I like 
most on virtual 
field 
experiences are 
the adventures. 
(5)  
     
 
 
End of Block: Attitudes towards virtual field trips 2 
 
Start of Block: Attitudes towards virtual field trips 3 
 
 
Q21 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
I like to go on 
virtual field 
experience, 
since it is 
important for 
me to 
understand the 
environment. 
(1)  
     
I returned from 
the virtual field 
experience with 
a lot of 
experiences. (2)  
     
The virtual field 
experience 
increases one's 
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awareness of 
environmental 
issues. (3)  
After a virtual 
field 
experience, I do 
not remember 
the exercises 
given in the 
environment. 
(4)  
     
The virtual field 
experience is 
important since 
it demonstrates 
and illustrates 
the concepts 
learned in class. 
(5)  
     
 
 
End of Block: Attitudes towards virtual field trips 3 
 
Start of Block: Attitudes towards virtual field trips 4 
 
 
Q22 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
In the virtual 
field 
experience, 
answering 
questions 
interferes with 
my enjoyment 
of the event. (1)  
     
The material 
learned during 
a virtual field 
experience will 
remain in my 
memory for a 
long time. (2)  
     
I would like to 
have more 
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virtual field 
experience, 
since it helps in 
educating for 
nature 
conservation. 
(3)  
I do not like 
virtual field 
experiences 
which include a 
lot of walking 
in the 
environment. 
(4)  
     
 
 
End of Block: Attitudes towards virtual field trips 4 
 
Start of Block: Attitudes towards virtual field trips 5 
 
 
Q23 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
The  virtual 
field 
experience 
does not 
contribute to 
my connection 
to nature. (1)  
     
Learning in the 
classroom is 
more effective 
than learning 
during a virtual 
field 
experience. (2)  
     
The virtual 
field 
experience 
increases my 
enjoyment of 
the subject 
matter. (3)  
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End of Block: Attitudes towards virtual field trips 5 
 
Start of Block: Attitudes towards virtual field trips 6 
 
 
Q24 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
Familiarity 
with different 
parts of nature 
increases my 
connection to 
the Earth. (1)  
     
The virtual 
field 
experience 
does not 
increase my 
interest in the 
learning 
material. (2)  
     
I understand 
natural 
phenomenon 
better after 
observing them 
in a virtual 
field 
experience. (3)  
     
I like virtual 
field 
experiences 
despite wearing 
a headset. (4)  
     
Virtual field 
experiences 
make me have 
an interest in 
and search for 
additional 
information in 
the literature. 
(5)  
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End of Block: Attitudes towards virtual field trips 6 
 
Start of Block: Presence in virtual reality 
 
 
Q25 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
In the virtual 
environment, I 
had a sense of 
being there. (1)  
     
Somehow I felt 
that the virtual 
world 
surrounded me. 
(2)  
     
I felt like I was 
just perceiving 
pictures. (3)  
     
I did not feel 
present in the 
virtual space. 
(4)  
     
I had a sense of 
acting in the 
virtual space, 
rather than 
operating 
something from 
outside. (5)  
     
 
 
End of Block: Presence in virtual reality 
 
Start of Block: Presence in virtual reality 
 
 
Q26 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
I felt present in 
the virtual 
space. (1)  
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I was not aware 
of my real 
environment. 
(2)  
     
I still paid 
attention to the 
real 
environment. 
(3)  
     
I was 
completely 
captivated by 
the virtual 
world. (4)  
     
I was aware of 
the real world 
surrounding me 
while 
navigating in 
the virtual 
world. (5)  
     
 
 
End of Block: Presence in virtual reality 
 
Start of Block: Presence in virtual reality 
 
 
Q27 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
The virtual 
world seemed 
real to me. (1)  
     
My experience 
in the virtual 
environment 
seemed 
consistent with 
my real world 
experience. (2)  
     
The virtual 
world seemed 
more realistic 
than the real 
world. (3)  
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End of Block: Presence in virtual reality 
 
Start of Block: Interest in geology 
 
 
Q28 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
To be honest, I 
just don't find 
geology very 
interesting. (1)  
     
I think the field 
of geology is 
very 
interesting. (2)  
     
Geology 
fascinates me. 
(3)  
     
I'm excited 
about geology. 
(4)  
     
I think what 
we are learning 
in this course 
is important. 
(5)  
     
 
 
End of Block: Interest in geology 
 
Start of Block: Interest in geology 
 
 
Q29 Please indicate the level to which you agree or disagree with the following statements.  
 
Strongly 
disagree (1) 
Somewhat 
disagree (2) 
Neither agree 
nor disagree 
(3) 
Somewhat 
agree (4) 
Strongly agree 
(5) 
I think that 
what we study 
in Physical 
Geology will 
be useful for 
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me to know. 
(1)  
I find the 
content of this 
course 
personally 
meaningful. (2)  
     
I see how I can 
apply what we 
are learning in 
Physical 
Geology to real 
life. (3)  
     
I think the field 
of geology is 
an important 
discipline. (4)  
     
 
 
End of Block: Interest in geology 
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APPENDIX F: SURVEY ITEMS 
Survey items for the Attitudes toward Field Experiences scale, organized by experience and aspect. Bold items were compared 
for all three experiences for both semesters (Trials 3 and 4). Italicized items were removed due to unacceptable internal 
consistency as indicated by low Cronbach’s alpha values. Remaining items, except for Individual learning aspect items, were 
used to calculate students’ overall attitudes toward each experience. Items with an “R” indicate items that were reverse coded. 
For “Item identifier”, such as “Classroom_14_1” refers the 14th item in the original Orion & Hofstein (1991) Attitudes toward 
Field Trips survey, and “1” refers to the aspect (Learning tool).  
Scale Aspect Item identifier 
Codin
g Item 
Attitudes 
toward 
Classroom 
Experience 
Learning tool 
Classroom_14_1 R 
After the classroom field activity, I did not remember the explanations given by 
the teachers. 
Classroom_15_1   
The classroom field activity was important since it demonstrates and illustrates 
the concepts learned in class. 
Classroom_17_1   
The material learned during the classroom activity will remain in my memory 
for a long time. 
Classroom_27_1 R The classroom activity does not increase my interest in the learning material. 
Classroom_29_1   
I understand natural phenomenon better after observing them in the classroom 
activity. 
Environmenta
l 
Classroom_11_5   
I like to participate in classroom field activities, since it is important for me to 
understand the environment in which I live. 
Classroom_13_5   The classroom field activity increased my awareness of geology content. 
Classroom_18_5   
I would like to have more classroom activities like this, since it helps in educating 
for geology field activities. 
Classroom_26_5   Familiarity with different parts of nature increases my connection to the Earth. 
Attitudes 
toward 
Outdoor 
Experience 
Learning tool 
Outdoor_1_1   The field trip helped me in understanding of material learned in class. 
Outdoor_3_1 R The field trip was a waste of time. 
Outdoor_5_1   
I would like to participate in more field trips since this was a good way to learn the 
subject. 
Outdoor_7_1 R 
The things I observed in the field trip do not help me in understanding the material 
taught in class. 
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Outdoor_9_1   
It is a pity that we do not have more field trips, since this was an enjoyable way to 
learn. 
Outdoor_14_1 R After the field trip, I did not remember the explanations given by the teachers. 
Outdoor_15_1   
The field trip was important since it demonstrates and illustrates the concepts 
learned in class. 
Outdoor_17_1   
The material learned during the field trip will remain in my memory for a long 
time. 
Outdoor_24_1 R Learning in the classroom is more effective than learning during a field trip. 
Outdoor_25_1   The field trip increases my enjoyment of the subject matter. 
Outdoor_27_1 R The field trip does not increase my interest in the learning material. 
Outdoor_29_1   I understand natural phenomenon better after observing them in a field trip. 
Individual 
Learning 
Outdoor_16_2 R 
In the field trip, working with the worksheets interfered with my enjoyment of the 
event. 
Outdoor_22_2 R The field trip does not contribute to my connection with nature. 
Outdoor_31_2   
Field trips make me take an interest in and search for additional information in the 
literature. 
Social 
Outdoor_6_3   I would like to have more field trips since they are a lot of fun. 
Outdoor_10_3   What I like most on field trips are the adventures. 
Outdoor_12_3   I returned from the field trip with a lot of experiences. 
Adventurous 
Outdoor_4_4   
What I liked from the field trip was the adventure (going in the woods, climbing in a 
stream, etc.) 
Outdoor_8_4   I like field trips which involve a lot of walking. 
Outdoor_19_4 R I do not like field trips which include a lot of walking. 
Environmenta
l 
Outdoor_11_5   
I like to go on field trips, since it is important for me to understand the 
environment in which I live. 
Outdoor_13_5   The field trip increased my awareness of environmental issues. 
Outdoor_18_5   I would like to have more field trips, since it helps in learning geology. 
Outdoor_26_5   Familiarity with different parts of nature increases my connection to the Earth. 
Learning tool Virtual_1_1   The virtual field experience helps me in understanding of material learned in class. 
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Attitudes 
toward 
Virtual 
Experience 
Virtual_3_1 R The virtual field experience is a waste of time. 
Virtual_5_1   
I would like to participate in more virtual field experiences since this is a good way to 
learn the subject. 
Virtual_7_1 R 
The things I observe in the virtual field experience do not help me in understanding 
the material taught in class. 
Virtual_9_1   
It is a pity that we do not have more virtual field experiences, since this is an 
enjoyable way to learn. 
Virtual_14_1 R 
After a virtual field experience, I do not remember the exercises given in the 
environment. 
Virtual_15_1   
The virtual field experience is important since it demonstrates and illustrates the 
concepts learned in class. 
Virtual_17_1   
The material learned during a virtual field experience will remain in my memory 
for a long time. 
Virtual_24_1 R 
Learning in the classroom is more effective than learning during a virtual field 
experience. 
Virtual_25_1   The virtual field experience increases my enjoyment of the subject matter. 
Virtual_27_1 R 
The virtual field experience does not increase my interest in the learning 
material. 
Virtual_29_1   
I understand natural phenomenon better after observing them in a virtual field 
experience. 
Individual 
Learning 
Virtual_16_2 R 
In the virtual field experience, answering questions interferes with my enjoyment of 
the event. 
Virtual_22_2 R The virtual field experience does not contribute to my connection to nature. 
Virtual_31_2   
Virtual field experiences make me have an interest in and search for additional 
information in the literature. 
Social 
Virtual_6_3   I would like to have more field trips since they are a lot of fun. 
Virtual_10_3   What I like most on virtual field experiences are the adventures. 
Virtual_12_3   I returned from the virtual field experience with a lot of experiences. 
Adventurous Virtual_4_4   
What I like in a virtual field experience is the adventure: e.g. new environment, 
climbing mountains, crossing rivers, etc. 
Virtual_8_4   I like virtual field experiences which involve a lot of walking in the environment. 
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Virtual_19_4 R 
I do not like virtual field experiences which include a lot of walking in the 
environment. 
Environmenta
l 
Virtual_11_5   
I like to go on virtual field experience, since it is important for me to understand 
the environment. 
Virtual_13_5   The virtual field experience increases one's awareness of environmental issues. 
Virtual_18_5   
I would like to have more virtual field experience, since it helps in educating for 
nature conservation. 
Virtual_26_5   Familiarity with different parts of nature increases my connection to the Earth. 
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Survey items for sense of presence in the virtual experience (Schubert, 2003). Items with 
an “R” indicate items that were reverse coded. Italicized items were removed due to 
unacceptable alphas. 
Aspect Item 
identifier 
Codi
ng 
Item 
General 
Presenc
e 
1  In the virtual environment, I had a sense of being there. 
Spatial 
Presenc
e 
2   Somehow, I felt that the virtual world surrounded me. 
3 R I felt like I was just perceiving pictures. 
4 R I did not feel present in the virtual space. 
5  
I had a sense of acting in the virtual space, rather than operating 
something from outside. 
6   I felt present in the virtual space. 
Involve
ment 
7   I was not aware of my real environment. 
8 R I still paid attention to the real environment. 
9  I was completely captivated by the virtual world. 
10 R 
I was aware of the real world surrounding me while navigating 
in the virtual world. 
Realnes
s 
11   The virtual world seemed real to me. 
12  
My experience in the virtual environment seemed consistent 
with my real-world experience. 
13   The virtual world seemed more realistic than the real world. 
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Survey items for the pre- and post-experience Interest in Geology scales. Items with an “R” indicate items that were reverse 
coded. Italicized items were removed due to unacceptable alphas. 
Scale 
Item 
identifier Coding Item 
Pre-
Experience 
Interest in 
Geology 
1   I've always been fascinated with geology. 
2   I chose to take Physical Geology because I'm really interested in the topic. 
3   I'm really excited about taking this class. 
4   I'm really looking forward to learning more about geology. 
5   I think the field of geology is an important discipline. 
6   I think that what we study in Physical Geology will be important for me to know. 
7   I think that what we study in Physical Geology will be worthwhile to know. 
8   This class is my first exposure to the field of geology. 
9 
  
I already have some background in geology (e.g. I studied geology in another class or did reading 
on my own). 
Post-
Experience 
Interest in 
Geology 
1 R To be honest, I just don't find geology very interesting. 
2   I think the field of geology is very interesting. 
3   Geology fascinates me. 
4   I'm excited about geology. 
5   I think what we are learning in this course is important. 
6   I think that what we study in Physical Geology will be useful for me to know. 
7   I find the content of this course personally meaningful. 
8   I see how I can apply what we are learning in Physical Geology to real life. 
9   I think the field of geology is an important discipline. 
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APPENDIX G: TRANSCRIPTION PROCEDURE 
If you don’t want to deal with Adobe Premiere Pro, you can use https://audioship.io/ to 
convert mp3 to mp4 BUT 
a. I’ve never tried it. 
b. They only give you one hour of free file conversion.  
 
1. Open Adobe Premiere Pro.  
• Save project as something.  
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2. Add interview MP3.  
• Double click on “Import media to start.” 
 
• This will open a dialogue box. Choose your MP3 from your computer’s files. 
 
• Drag MP3 from Project Files to Timeline.  
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3. Add any random Jpg (repeat MP3 add process). You need this to convert MP3->MP4 
for YouTube. 
4. Drag JPG the same length as MP3 in timeline. 
 
5. Clip videos into <15 minutes IF your audio file is longer than 15 minutes. 
• Type or toggle timecode to anything less than 15 minutes (YouTube upload 
limit).  
• Press Ctrl + K to cut MP3 and JPEG into clips.  
 
1 2 
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6. Upload to YouTube (directly from Adobe Premiere Pro).  
• Open Assembly window. 
• Hold Ctrl key and select both the MP3 and JPEG of one of the clips in the 
Timeline. 
• Drag into Assembly window. 
• Name the merged clip(s).  
 
7. Select your clips (can upload multiple videos at once). 
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• Right click->export media. 
• In Export Settings dialogue box, change format to H.264.  
• Click on “Publish” tab. 
• Scroll down to YouTube and login to your YouTube account.  
8. Click on “Queue” at the bottom of the dialogue box. 
• Videos will be sent to Adobe Encoder.  
9. Click on the green play button to encode videos and upload them to YouTube. 
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10. Wait for YouTube to create automatic captions. 
11. Open transcript in YouTube. 
• Right click on ellipses.  
• Click “Open transcript.” 
• Click on three dots and select “Toggle timestamps.” 
• Select all and copy transcript.  
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12. Copy to Microsoft Word. Paste as Keep Text Only. 
 
 
13. Replace tab character and paragraph tab with space. 
• Ctrl + F, Replace tab.  
• In “Find what” bar, select “Special” at the bottom of the dialogue box. 
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• Select tab character AND paragraph mark.  
• Replace all with a space. 
 
14. Go back through audio (YouTube upload) to fix, add punctuation, add timestamps on 
transcripts.  
 
Helpful YouTube video links: 
How to upload videos to YouTube directly from Adobe Premiere Pro. 
How to Automatically Transcribe Video files into Text Using YouTube  
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